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Nothing  saifs  more  about  the  qualiti/  of  a  company  — 

its  products,  services,  and  people  —  than  the  longevity  of  its 

customer  relationships.  In  our  13  years  in  the  cardiopulmonary 

market,  Medical  Graphics  Corporation  has  established  an  enviable 

record  of  customer  loyalty  —  ranging  from  the  small  clinic  and 

physician's  office,  to  large  research  hospitals,  and  even  to  NASA, 

who  ivill  be  relying  on  MedGraphics  quality  during  many  of  its 

Space  Shuttle  missions. 


When 
Quality 
is  the 
Question ... 


Med 


Over  the  years,  we  have  worked  closely  witli 
our  custotners  to  define  the  standards  ot 
quality.  First  and  foremost,  our  system^ 
answer  the  need  for  accuracy.  Reliability 
expandability,  ease  of  use,  and  cost 
effectiveness  are  also  hallmarks  of  the 
MedGraphics  name.  These  standards  havi 
guided  the  development  of  the  MedGraphic- 
Pulmonary  Function  Testing  System  W7t 
and  the  Body  Plethysmography  System  108!' 
(shown  here)  which  have  come  to  be  regarded 
worldivide  as  simply  the  best.  •    Now,  we  ar^ 
pleased  to  announce  that  both  of  thest 
systems  are  available  with  our  nen 
generation  of  easier-than-ever-to-use  software 
—  BREEZE'"'.  iS  Alsoneiv  — 
our  Body  Plethysmography  System  1085D  faUui  c>  complete  lung  function 
capabilities  inchtding  diffusing  capacity  measurement. 


The  new  MedGraphics  BREEZE  diagnostic  software, 
with  its  colorful  ico)is,  makes  testing  a  breeze! 
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In  tnil}/  critical  sitiuitioiis,  pin/sicians  rely  on 

the  McdGrapliics  CCM  Critical  Cait 

Maiiagemeut  Si/stem  for  vital  metabolic 

measurements  that  can  help  avoid  ventilator}/ 

complications  arising  from  inappropriate 

nutrition.  In  the  ICU,  the  MedCraphics  CCM 

assesses  nutrition  and  the  mechanics  of 

breathing  to  dramatically  decrease  ventilator 

dependence  and  significantly  improve  patient 

outcome.       Even  neonates  iveighing  as  little 

as  500  grams  can  be  accurately  evaluated  for  ventilatory,  metabolic  and  cardiac  function, 
including  cardiac  output,  with  the  MedCraphics  Pediatric  CARE'"'  System  (shoicn  here). 
Optimal  feeding  and  ventilator  management,  made  possible  by  MedCraphics' 
exclusive  breath-by-breath  gas  exchange  technology,  can  play 
an  important  role  in  increasing  an  infant's  chances  for 
survival  and  improving  its  long-term  quality  of  life. 


Graphics. 


is  the 
Answer. 


The  development  of  MedCraphics '  patented 
breath-by-breath  measurement  technology 
has  advanced  excercise  testing  as  a  major 
diagnostic  tool.  Along  with  ptdmonary  and 
cardiac  specialists,  a  growing  number  of 
internists  and  other  medical  professionals 
are  using  the  MedCrapMcs  CPX 
Cardiopulmonary  Exercise  System  to 
accurately  diagnose  the  cause  of  shortness  of 
breath  and  better  evaluate  the  effectiveness 
of  therapy.  No  other  exercise  system  gives  a 
more  precise  determination  of  maximal 
oxygen  uptake  and  anaerobic  threshold. 
Medical  Graphics  Corporation  continues  to 
lead  the  field  in  developing  innovative  solutions  to  meet  the 
ever-changing,  practical  and  technical  needs  of  the  clinician. 
Our  revolutionary  neiv  MedCraphics  pneumotach  — 
weighing  less  than  an  ounce  — 
is  a  major  advance  in  patient  comfort. 
Unsurpassed  in  accuracy,  yet  completely 
disposable,  it  is  the  first  in  a  series  of  MedCraphics  products 
designed  to  guarantee  complete  infection  control. 


Call  us  for  more 
information  on  the 
complete  line  of 
MedCraphics  products, 
services  and  accredited 
educational  programs  — 
1-800-950-5597. 


MedGraphics, 

Cardiorespiratory  Diagnostic  Systems 

Medical  Graphics  Corporation 
350  Oak  Grove  Parkway 
Saint  Paul.  Minnesota  55127 
612/484-4874 
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Liality  leader  ill 
JyLxnicjcis  eoiihvU 


For  unsurpassed  reliability,  today's  foremost 

Blood  Gas  Labs  depend  on  RNA  MEDICAL- 

the  quality  leader  in  controls  for  Blood  Gas,  CQ;< 

and  Electrolyte  analyzers.  ^ 

RNA  MEDICAL'S  products  help  labs  meet  stringent  QC  standards 

through  fast,  precise  verification  of  instrumentation  accuracy 

Priced  competitively  and  backed  by  the  industry's  best  support  progr^ 

RNA  MEDICAL'S  Controls  have  set  the,standard  since  1976.  *9 


FOR  FURTHER  INFORMATION  OR  A  FREE  EVALUATION,  CALL:  1-800-533-6162 
2  CRAIG  RD,  ACTON,  MASSACHUSETTS  01720  •  508-263-6162  or  800-533-6162 
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RNA  MEDICAL 
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CO-OX  CONTROLS 
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In  deveidping  Our  new  pft  system, 
We  Achieved  A  Small  Goal. 


You'll  notice  a  sizable  dilterence  in  our  new  ML  Compact" 
PFT  system  right  away. 

It  offers  a  full  range  of  tests,  including  flow-volume  loops, 
slow  VC,  MVV,  FRC  via  helium  dilution,  and  single-breath 
DLCO  testing. 

Yet  it's  all  contained  in  a  small,  POcompatible  package. 
So  it  fits  in  your  office  or  lab  easily 

It  has  a  removable  valve  block  that  makes  cleaning  and 
sterilization  significantly  easier  (flip  a  lever  and  the  whole 
hkxk  drops  into  your  hand). 

And  it  uses  Microsoft'  Windows  (just  like  our  full-size 
MasterLab"),  so  if  you  can  point  and  click  with  a  mouse,  you've 
cleared  a  major  hurdle  in  mastering  the  system. 


As  tor  reports,  with  ML  Compact  you  can  design  them  to 
look  the  way  you  (and  Medical  Records)  want  them  to.  Put 
graphs  and  text  anywhere  —  top,  bottom,  left,  right.  Create  as 
many  formats  as  you  like. 

1(i  get  the  big  picture,  give  us  a  call;  we'll  send  a  little 
infonnation  your  way 

USA  and  Canada  call  toll  free: 

Domestic  Sales  800/426-0347  Canada  Sales  800/633-2888 

2121  Terry  Avenue;  Seattle,  WA  98121-2791 

Telex  3794094  QUINTON  SEA;  FAX  206/223-8465 


Quinton* 


instrument  CO. 


MiMctLib  u  *  nrnutcmi  inKlcnuA  i4  E/Kh  fscRCT  GmhH  &  Ox  KG 
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Thanks  to  Ohmeda, 
you'll  never  lose  sight  of 
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ZENITH  AWARD 


When  you're  monitoring  critical  care  patients,  you  need  a  complete  view  of  their 
respiratory  status.  And  now  there's  an  easy  way  to  get  it.  The  OxiCap  Monitor 
from  Ohmeda. 

At  a  glance,  it  gives  you  pulse  oximetry  capnography  and  inspired  oxygen 
readings.  Continuously.  So  you  can  make  minor  adjustments  rather  than  radical 
changes.  And  it's  designed  for  the 
demanding  environment  of  critical  care.  ^^linifiClA  ^ 

Along  with  the  OxiCap  Monitor,  we  fSv  •*    T^r 

bring  you  over  80  years  of  experience        We  monitor  life.  "■"STJI^'^^ 

developing  products  for  critical  care.  So    1315  west  cemury  onve  *il£!Sl.^ 

call  us  today  And  get  a  much  d^eajf^-^^'^^^'^molTiim 

picture  of  your  patients .  ^'^^f  Division  of  The  BOC  OraSpInc  ©1990  Ti,e  Boc  CKxip  inc 
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Summaries  of  Pertinent  Articles  in  Other  Journals 


Abstracts 


Reviews,  Kditorials,  and  Statements  To  Note 

Surfactant  Replacement  Therapy  (editorial) — ME  Avery.  TA  Merritt. 
N  Engl  J  Med  1W1;324:910.  (Pertains  to  Kendig  et  al  paper  abstracted 
below.) 

Screening  for  Cystic  Fibrosis:  Ethical  and  Social  Issues  (editorial) — 
E  Kerem,  A  Lynch.  Am  Rev  Respir  Dis  1991;143:457. 

Smoking  Cessation  and  Weight  (iain  (editorial) — NE  Grunberg.  N  Engl 
J  Med  1991;324:768.  (Pertains  to  Williamson  et  a!  paper  abstracted 
below.) 

Right  Ventricular  Dysfunction  in  Chronic  Obstructive  Pulmonary 
Disease:  Evaluation  and  Management  (review) — JR  Klinger,  NS  Hill. 
Chest  1991;99:715. 


A  Comparison  of  Surfactant  as 
Immediate  Prophylaxis  and  as 
Rescue  Therapy  in  Newborns  of 
Less  Than  30  Weeks'  (testation — 

JW  Kendig,  RH  Notter,  C  Cox,  et 
al.  N  Engl  J  Med  1991;324:865. 

BACKGROUND:  Exogenous  pulmo- 
nary surfactants  are  administered  into 
the  trachea  either  to  prevent  respira- 
tory distress  syndrome  in  premature 
infants  or  to  treat  it.  In  a  randomized, 
multicenter  trial,  we  compared  the 
results  of  surfactant  therapy  initiated 
as  prophylaxis  with  the  results  of 
rescue  therapy  with  surfactant. 
METHODS:  Before  birth,  479  infants 
with  an  estimated  gestational  age  of 
<  30  weeks  were  randomly  assigned 
to  receive  surfactant  as  prophylaxis 
(n  =  244).  The  infants  in  the  prophy- 
laxis group  received  a  90-mg  intrat- 
racheal dose  of  an  exogenous  calf- 
lung  surfactant  extract  at  the  time  of 
delivery,  whereas  the  infants  in  the 
rescue-therapy  group  received  90  mg 
of  the  surfactant  several  hours  after 
delivery  if  the  fractional  inspiratory 
oxygen  concentration  was  at  least 
0.40  or  if  the  mean  airway  pressure 


was  at  least  0.686  kPa  (7  cm  H^O), 
or  both.  Infants  in  both  groups 
received  additional  doses  of 
surfactant  at  intervals  of  12  to  24 
hours  if  these  criteria  were  met. 
RESULTS:  The  proportion  of  infants 
surviving  until  discharge  to  their 
homes  was  significantly  higher  in  the 
prophylaxis  group  than  in  the  rescue- 
therapy  group  (88  vs  80%, 
p  :=  0.028).  This  difference  was  due 
primarily  to  the  longer  survival  of 
very  premature  infants  (=s  26  weeks" 
gestation)  in  the  prophylaxis  group 
than  in  the  rescue-therapy  group  (75 
vs  54%,  p  =  0.006).  According  to 
proportional-hazards  regression  anal- 
ysis, the  distribution  of  survival  times 
was  better  for  all  infants  in  the 
prophylaxis  group  (p  =  0.007)  and  for 
the  subgroup  of  infants  in  the  pro- 
phylaxis group  who  were  delivered 
at  26  weeks'  gestation  or  earlier 
(p  =  0.0048).  Infants  in  the  prophy- 
laxis group  who  were  delivered  at  26 
weeks'  gestation  or  earlier  had  a  lower 
incidence  of  pneumothorax  than 
similar  infants  in  the  rescue-therapy 
group  (7  vs  18%-,  p  =  0.03).  CON- 
CLUSIONS: We  found  a  sianificani 


advantage  to  the  administration  of  the 
initial  dose  of  surfactant  as  prophy- 
laxis rather  than  as  rescue  therapy  in 
very  premature  infants. 

Smoking  Cessation  and  Severity  of 
Weight  Gain  in  a  National 
Cohort — DP  Williamson.  J  Madans. 
RF  Anda,  JC  Kleinman,  GA  Giovino, 
T  Byers.  N  Engl  J  Med  199 1 :324:739. 

BACKGROUND:  Many  believe  that 
the  prospect  of  weight  gain  discour- 
ages smokers  from  quitting.  Accurate 
estimates  of  the  weight  gain  related 
to  the  cessation  of  smoking  in  the 
general  population  are  not  available, 
however.  METHODS:  We  related 
changes  in  body  weight  to  changes 
in  smoking  status  in  adults  25  to  74 
years  of  age  who  were  weighed  in 
the  First  National  Health  and  Nutri- 
tion Examination  Survey  (NHANES 
I,  1971  to  1975)  and  then  weighed 
a  second  time  in  the  NHANES  I 
Epidemiologic  Follow-up  Study 
(1982  to  1984).  The  cohort  included 
continuing  smokers  (748  men  and 
1.137  women)  and  those  who  had  quit 
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smoking  for  a  year  or  more  (409  men 
and  359  women).  RESULTS:  The 
mean  weight  gain  attributable  to  the 
cessation  of  smoking,  as  adjusted  for 
age.  race,  level  of  education,  alcohol 
use,  illnesses  related  to  change  in 
weight,  base-line  weight,  and  physical 
activity  was  2.S  kg  in  men  and  3.8 
kg  in  women.  Major  weight  gain 
(>  13  kg)  occurred  in  9.8%  of  the  men 
and  13.4%  of  the  women  who  quit 
smoking.  The  relative  risk  ot  major 
weight  gain  in  those  who  quit 
smoking  (as  compared  with  those  who 
continued  to  smoke)  was  8.1  (959^ 
confidence  interval.  3.7  to  9.1)  in 
women,  and  it  remained  high  regard- 
less of  the  duration  of  cessation.  For 
both  sexes,  blacks,  people  under  the 
age  of  35,  and  people  who  smoked 
15  cigarettes  or  more  per  day  were 
at  higher  risk  of  major  weight  gain 
after  quitting  smoking.  Although  at 
base  line  the  smokers  weighed  less 
than  those  who  had  never  smoked, 
they  weighed  nearly  the  same  at 
follow-up.  CONCLUSIONS:  Major 
weight  gain  is  strongly  related  to 
smoking  cessation,  but  it  occurs  in 
only  a  minority  of  those  who  stop 
smoking.  Weight  gain  is  not  likely 
to  negate  the  health  benefits  of 
smoking  cessation,  but  its  cosmetic 
effects  may  interfere  with  attempts  to 
quit.  Effective  methods  of  weight 
control  are  therefore  needed  for 
smokers  trying  to  quit. 

Helium-Oxygen  Mixture  in  the 
Treatment  of  Postextubation  Stridor 
in  Pediatric  Trauma  Patients — KJ 
Kemper,  RH  Ritz,  MS  Benson,  MS 
Bishop.  CritCare  Med  1991;19:356. 

OBJECTTIVE:  To  assess  the  effective- 
ness of  a  helium-oxygen  mixture  in 
reducing  post-extubation  stridor  in 
children  hospitalized  for  bums  or 
trauma.  DESIGN:  Randomized,  con- 
trolled crossover  trial.  SETTING: 
Harborview  Medical  Center's  Bum  and 
Trauma  ICUs  from  March  to  Sep- 
tember 1989.  PATIENTS:  Children  < 


15  years  old  v^ho  were  electively 
extuhated  and  had  symptoms  of  post- 
extubation stridor,  but  required  =S  35% 
oxygen.  INTERVENTION:  Each  treat- 
ment (helium-oxygen  and  oxygen- 
supplemented  room  air)  was  given  in 
r;indom  order  for  15  min  after  extu- 
bation.  MEASUREMENTS:  Respira- 
tory distress  was  assessed  by  a  phy- 
sician blinded  to  treatment  order  using 
a  standard  stridor  score  and  clinical 
judgment.  RESULTS:  There  were  13 
children  with  15  extubations:  seven 
(47%)  of  15  patients  required  subse- 
quent treatment  with  racemic  epineph- 
rine or  reintubation.  Stridor  scores  were 
lower  with  helium-oxygen  than  with 
oxygen-supplemented  room  air  (2.8  vs 
3.7,  p  <  0.005).  and  helium-oxygen 
was  preferred  in  eight  of  nine  trials  in 
which  one  treatment  was  clearly 
favored  by  the  physician.  CONCLU- 
SION: Because  helium-oxygen  therapy 
can  reduce  stridor  scores  and  is 
clinically  preferred  by  physicians 
caring  for  stridorous  children,  it  may 
be  a  useful  adjunctive  therapy  in 
pediatric  trauma  patients  with  postex- 
tubation stridor. 


Individualized  Aerobic  and  High 
Intensity  Training  for  Asthmatic 
Children  in  an  Exercise  Readapta- 
tion  Program:  Is  Training  Always 
Helpful  for  Better  Adaptation  to 
Exercise? — AL  Varray.  G  Mercier.  M 
Terral.  CG  Prefaut.  Chest  1991: 
99:579. 

In  order  to  define  the  role  of  individ- 
ualized training  intensity  in  a  condi- 
tioning program  for  asthmatic  children, 
we  have  trained  seven  asthmatics 
(age  =  11.4  ±  1.8  y)  at  their  ventilatory 
threshold  (VTh)  intensity  level  for  a  3- 
monlh  period  (aerobic  training)  and  at 
maximal  intensity  also  for  3  months 
(high  intensity  training).  VTli  is  the 
point  at  which  a  nonlinear  increase  of 
\^  tK'curs.  Another  group  of  seven 
asthmatics  (age  =  1 1 .4  ±  1 .5  y)  served 
as  control  subjects.  Cardiopulmonary 
fitness    was   detennined   on    a   cycle 


ergometcr  before  and  after  each  training 
session.  This  study  demonstrated  that 
aerobic  training,  correctly  adapted  to 
the  child's  physical  ability,  induces  the 
following:  ( 1 )  a  rapid  and  marked 
cardiova.scular  fitness  increase;  and  (2) 
a  decrease  in  V^  over  a  given  work 
range  so  that  VTti  is  increased.  TTiis 
is  of  great  importance  because  hyper- 
ventilation is  a  major  determinant  of 
exercise-induced  hronchospasm.  In 
contrast,  even  if  high  intensity  training 
is  well  tolerated  in  an  indoor  swimming 
pool,  the  long-term  effects  are  unsuit- 
able for  a.sthmatic  children  because  the 
decrease  of  VTh  will  involve  an 
increase  of  hyperventilation,  even  when 
exercise  is  performed  at  submaximal 
intensity. 

Adverse  Health  Effects  among 
Adults  Exposed  to  Home  Dampness 
and  Molds— RE  Dales.  R  Bumett.  H 
Zwanenburg.  Am  Rev  Respir  Dis 
1991:143:505. 

To  investigate  the  association  between 
home  dampness  and  mold  and  health, 
questionnaires  were  administered 
through  the  primary  school  system  to 
parents  of  school-aged  children  in  six 
regions  of  Canada.  The  present  report 
focuses  on  the  symptoms  of  the  14,799 
adults  at  least  21  years  of  age.  The 
overall  response  rate  was  83%,  and 
missing  values  for  individual  variables 
ranged  from  3  to  8%.  The  presence 
of  home  dampness  and/or  molds  (that 
is,  damp  spots,  visible  mold  or  mildew, 
water  damage,  and  flooding)  was 
reported  by  38%  of  respondents.  The 
prevalence  of  lower  respiratory  symp- 
toms (any  cough,  phlegm,  wheeze,  or 
wheeze  with  dyspnea)  was  increased 
among  those  reporting  dampness  or 
mold  compared  with  those  not  reporting 
dampness  or  mold  as  follows:  38  versus 
27%  among  current  smokers,  2 1  versus 
14%  among  exsmokers.  and  19  versus 
11%  among  nonsmokers  (all  p 
values  <  O.(X)l).  This  association  per- 
sisted after  adjusting  for  several 
socicxlemographic  v;iriables  (including 


650 


RESPIRATORY  CARE  •  JULY  '91  Vol  36  No  7 


ABSTRACTS 


age,  sex,  and  region)  and  several  other 
exposure  variables  (including  active 
and  passive  cigiu-ette  smoke,  natural  gas 
heating,  and  wood  stoves).  The  odds 
ratio  between  symptoms  and  dampness 
was  1.62  (95^^  confidence  interval. 
1.48  to  1.78)  in  the  final  model  chosen. 
This  association  persisted  despite 
stratification  by  the  presence  of 
allergies  or  asthma.  Exposure  to  home 
dampness  ;ind  mold  may  be  a  risk  factor 
for  respiratory  disease  in  the  Canadian 
population. 

Postneonatal  Mortality  in  a  Cohort 
of  Very  Low  Birthweight  Infants — 

D  Bourchier.  PJ  Weston.  NZ  Med  J 
1991:104:11. 

A  cohort  of  very  low  birthweight 
(VLBW)  infants  (ie,  <1500  g)  who 
were  admitted  to  the  newborn  unit. 
Waikato  Hospital  between  1984  and 
1988  were  followed  to  the  age  of  12 
months.  Four  hundred  and  twenty-five 
infants  were  admitted  with  385  sur- 
viving the  neonatal  period.  A  further 
29  infants  died  in  the  postneonatal 
period  (68.2  per  1,000  live  births). 
Sixteen  of  the  infants  died  during  their 
initial  hospitalization — primarily  from 
complications  of  prematurity,  while  the 
remaining  13  died  following  discharge 
from  hospital  (9  from  sudden  infant 
death  syndrome).  The  postneonatal 
mortality  rate  was  3-5  fold  greater  than 
that  described  in  similar  studies, 
reflecting  the  generally  increased  rate 
in  New  Zealand  and  a  lower  neonatal 
mortality  rate.  The  duration  of  mechan- 
ical ventilation  was  associated  with  an 
increased  risk  of  postneonatal  death,  but 
no  risk  factors  for  posthospital  dis- 
charge death  could  be  identified. 

Aerosol  Delivery  in  Neonatal  Ven- 
tilator Circuits:  A  Rabbit  Lung 
Model — D  Cameron,  R  Amot,  M  Clay, 
M  Silverman.  Pediatr  Pulmonol 
1991:10:208. 

The  benefits  of  inhaled  therapy  in 
ventilated  neonates  are  recognized,  but 


the  reliability  of  drug  delivery  in 
nebulizer-ventilator  circuits  is  uncer- 
tain. We  quantified  the  effect  of 
changing  variables.  Twenty-three 
freshly  killed  rabbits  ( 1 . 1 5- 1 .9  kg)  were 
ventilated  via  a  tracheostomy  by  a 
pressure-limited,  time-cycled  ventilator 


(Neovent).  A  radioaerosol  of  '''TC" 
pertechnclate  from  an  Ultravent  nebul- 
izer (Mallinckrodt)  was  fed  into  the 
proximal  ventilator  tubing.  Two  3- 
minute  nebulizations  at  "standard 
settings"  were  followed  by  2  at  altered 
pressure,  frequency,  gas  flow,  I-E  ratio. 
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or  position  of  the  nebulizer  in  the 
circuit.  Each  nebuiization  was  followed 
by  a  3-minute  gamma  camera  image 
and  total  deposited  radioactivity  was 
measured  in  excised  lungs  and  trachea. 
Images  demonstrated  good  peripheral 
aerosol  deposition.  At  standard  settings, 
lung  deposition  averaged  2.8%  of  the 
aerosol  released.  This  was  decreased 
markedly  by  reducing  tidal  volume 
(ventilator  pressures)  and  residence 
time  of  aerosol  (I-E  ratio).  Reduced  gas 
flow  decreased  deposition  slightly, 
presumably  by  increased  particle  size 
and  marginally  reduced  tidal  volume. 
Deposition  did  not  change  with 
increased  frequency;  increased  minute 
ventilation  was  offset  by  decreased 
residence  time  of  the  aerosol.  We 
conclude  that  the  Ultravent  nebulizer 
can  be  used  to  nebulize  drugs  in  a 
st;indard  neonatal  circuit,  although  the 
dose  delivered  is  small.  Tidal  volume 
and  aerosol  residence  time  are  impor- 
tant determinants  of  aerosol  delivery. 

Effect  of  Injected  Long-Acting 
Epinephrine  in  Addition  to  Aerosol- 
ized Albuterol  in  the  Treatment  of 
Acute    Asthma   in   Children — AE 

Komberg.  S  Zuckerman,  JR  Welliver. 
F  Mezzadri,  N  Aquino.  Pediatr  Emerg 
Care  1991:7:1. 

The  additional  effect,  if  any,  of 
subcutaneous,  long-acting  epinephrine 
(Sus-Phrine®)  to  aerosolized  albuterol 
for  acute  pediatric  asthma  was  studied. 
Over  an  8-month  period,  patients  were 
enrolled  in  a  prospective,  randomized, 
controlled  trial.  All  patients  were 
recruited  and  studied  in  a  pediatric 
emergency  department.  Forty-three 
children  between  the  ages  of  3  and  1 2 
years,  with  a  mean  age  of  8.9  years, 
presenting  with  acute  asthma  were 
enrolled.  Group  1  received  Sus- 
Phrine*.  0.003  mL/kg  before  albuterol 
aerosols,  as  appropriate.  Group  2  only 
received  albuterol  aerosols.  There  was 
no  significant  difference  in  the  extent 
of  improvement  between   the   two 


groups  at  either  20  minutes  or  2  hours 
for  clinical  score,  peak  flow,  or 
respiratory  rate.  Subcutaneous,  long- 
acting  epinephrine  provides  no  addi- 
tional benefit  to  a  beta-2  agonist  by 
nebuli/ation  for  children  with  acute 
asthma. 

Inflammatory  Markers  in  Cystic 
Fibrosis — RJ  Rayner,  MS  Wiseman. 
SM  Cordon.  D  Nomian,  EJ  Hiller,  DJ 
Shale.  Respir  Med  1991:85:1.39. 

Plasma  neutrophil  elastase-i/,  antipro- 
teinase  complex,  lactoferrin  and  C- 
reactive  protein  (CRP)  were  determined 
over  a  15-month  period  in  26  patients 
with  cystic  fibrosis,  of  whom  2 1  were 
chronically  infected  with  Psciidoimmas 
aeruginosa.  Median  concentrations  of 
both  neutrophil  products  and  CRP  were 
greater  in  patients  who  were  clinically 
stable  than  in  healthy  subjects  without 
cystic  fibrosis.  CRP  concentrations 
increased  further  at  the  onset  of 
symptomatic  exacerbations.  Thirty-five 
courses  of  intravenous  antibiotics  and 
22  courses  of  oral  ciprofloxacin  were 
reviewed  and  revealed  similar  improve- 
ments in  clinical  scores  and  lung 
function  tests  for  both  forms  of 
treatment.  Intravenous  antibiotics 
reduced  the  plasma  concentrations  of 
both  neutrophil  elastase-c/,  antiprotei- 
nase  complex.  Pla.snia  concentrations 
of  inflammatory  markers  were  signif- 
icantly greater  in  exacerbations  asso- 
ciated with  fever  and  leukocytosis. 
Statistical  modelling  demonstrated 
negative  within-patient  relationships 
between  lung  function  and  both  CRP 
and  lactoferrin,  and  positive  relation- 
ships between  the  three  inflammatory 
markers.  Neutrophil  granule  products 
and  CRP  reflect  the  pulmonary  inflam- 
matory state  in  cystic  fibrosis  and  may 
be  of  value  in  monitoring  treatment. 

Acceptability  and  Reproducibility 
Criteria  of  the  American  Thoracic 
Society  as  Observed  in  a  Sample 
of  the   General    Population — JL 


Hankinson,    KM    Bang.    Am    Rev 
Respir  Dis  1991:143:516. 

An  analysis  of  spirograms  of  6.486 
subjects  from  the  general  population, 
ages  8  to  90  years,  was  conducted 
to  determine  their  ability  to  satisfy 
the    American    Thoracic    Society's 
(ATS)  acceptability   and   reproduci- 
bility criteria.  The  results  indicate  that 
both  older  and  younger  subjects  had 
more  difficulty   satisfying  the  ATS 
acceptability    and    reproducibility 
criteria.  The  difficulty  in  satisfying 
the    ATS    reproducibility    criterion, 
particularly  in  younger  subjects,  was 
in  part  associated  with  their  smaller 
heights  and  lung  volumes.  A  rela- 
tively uniform  within-subject  varia- 
bility of  FVC  and  FEV,  in  terms  of 
the    mean    differences    between    the 
largest  and  second  largest  FVC  and 
FEV|,  for  all  heights,  was  observed. 
In  addition,  unlike  the  ATS  reproduc- 
ibility criterion,  when  a  constant  200- 
niL  reproducibility  criterion  for  FVC 
and  FEV,   was  used,  there  was  no 
longer    a    significant    difference 
between   the   number  of  reproduci- 
bility  criterion    failures   for   the    14 
different  height  groups  used.  These 
results  suggest  that  the  ATS  repro- 
ducibility   criterion,    based   on    a 
percentage  of  the  FVC  and  FEV , ,  may 
inappropriately    classify    a    higher 
percentage  of  subjects  with  smaller 
heights  and  lung  volumes  as  having 
a  nonreproducible  test.  In  contrast, 
subjects  with  larger  heights  and  lung 
volumes  are  much  less  likely  to  fail 
the  ATS  reproducibility  requirement. 
These     results     emphasize     the 
importance    of   following    the    ATS 
recommendation  of  using  the  repro- 
ducibility  criterion   only   as   a   goal 
during  data  collection,  not  to  classify 
a  subject  as  having  an  invalid  test. 

Oxygen  Desaturation  during  Fiber- 
optic Bronchoscopy  in  Pediatric 
Patients— BM  Schnapf.  Chest 
1991:99:591. 
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ith  the  new  MiniOX-'V  pulse 
jproved  accuracy,  a  complete 
ensors,  and  a  unique  snap-on 
s  documentation  fast  and  easv. 


Perfecting  the  portable 
pulse  oximeter. 


The  MiniOX^V  pulse  oximet 
.electronics  that  deliver  reliable  oxygen  saturation 
readings  on  all  types  of  patients  including  neonates 
and  patients  with  low  perfusion.  But  like  our  earlier 
pulse  oximeter,  you'll  get  up  to  1 50  hours  of  con- 
,  tinuous  monitoring  from  a  standard  9  volt  battery. 

ddition  to  our  rugged  finger  sensor,  we  added  a 
lex  sensor  for  neonatal  and  other  applications  so 
that  the  MiniOX'V  can  be  used  effectively  in  any 
patient  population. 

But  what  makes  the  new  MiniOX'V  truly  unique, 
is  the  new  MiniOX*  printer.  This  pocket-size 
printer,  powered  by  a  standard  9  volt  battery, 
provides  documentation  of  clinical  data  in  either 
graphic  or  numeric  form.  Get  real-time  printouts 
or  store  data  for  later  use  at  the  push  of  a  switch. 
And  there  are  no  printer  cables  to  worry  about 
because  the  printer  and  pulse  oximeter  snap  to- 
gether making  direct  optical  contact. 


f 


For  more  information  on  Che  pulse  oximeter  that's 
in  a  class  by  itself,  call  1  -800-851  -4500. 

CATALYST 
RESEARCH 

3708  Crondall  Lane 
Owings  Mills,  MD  21117 
301/356-2400   Fax:  301/581-0346 


Circle  109  on  reader  service  card 


ABSTRACTS 


STUDY  OBJECTIVE:  Pulse  oxi- 
metry was  used  to  measure  arterial 
oxygen  saturation  and  the  extent  of 
hypoxemia  in  pediatric  patients 
undergoing  fiberoptic  bronchoscopy 
(FB).  DESIGN;  Arterial  oxygen 
saturation  (S^o.jwas  measured  (1) 
prior  to  the  procedure  to  provide  a 
baseline  value.  (2)  when  the  broncho- 
scope was  positioned  in  the  nasopha- 
rynx, and  (3)  when  the  bronchoscope 
was  positioned  in  the  mid-trachea. 
SETTING:  Fiberoptic  bronchoscopy 
was  performed  in  the  Pediatric 
Special  Care  Unit  or  in  the  Pediatric 
Pulmonary  Laboratory  using  an 
Olympus  BF3C4  fiberoptic  broncho- 
scope with  a  3.3-mm  outer  diameter. 
PATIENTS  OR  PARTICIPANTS: 
Thirty-six  children  who  underwent 
diagnostic  or  therapeutic  bronchos- 
copy for  a  variety  of  reasons  were 
evaluated.  They  ranged  in  age  from 
6  to  142  months;  20  were  male  and 
16  were  female.  INTERVENTIONS: 
TTiere  were  no  interventions.  MEA- 
SUREMENTS AND  RESULTS:  Of 
the  36  patients,  29  experienced  a  fall 
in  Sao,  levels  exceeding  5%  of  ba.seline 
values.  The  youngest  age  group,  6  to 
12  months,  showed  the  greatest  drop 
in  Sao,  as  compared  with  the  other 
groups.  Desaturation  was  significantly 
increased  by  mid-tracheal  FB.  CON- 
CLUSIONS; A  decline  in  Sao,  that 
may  be  substantial  in  infants  and 
children  undergoing  FB  examination 
was  frequently  noted,  especially  in 
smaller  infants  and  when  the  bron- 
choscope was  positioned  in  the  mid- 
trachea.  Supplemental  oxygen  and  a 
brisk  procedure  time  will  minimize  the 
risk  of  dangerous  hypoxia. 


A  Randomized  Placebo-Controlled 
Study  to  Evaluate  the  Effects  of  Oral 
Albuterol  on  Pulmonary  Mechanics 
in  Ventilator-Dependent  Infants  at 
Risk  of  Developing  BPD— JL  Stefano, 
VK  Bhutani.  WW  Fox.  Pediatr  Pul- 
monol  1991;10:I83. 


Albuterol  is  a  specific  beta-2  agonist 
that  has  been  reported  to  be  effective 
in  treating  infants  and  children  with 
bronchospastic  pulmonary  disease. 
The  use  of  oral  albuterol  has  not  been 
investigated  in  patients  with  broncho- 
pulmonary dysplasia  (BPD).  Thirty 
premature  infants  were  randomized  to 
receive  oral  albuterol  (0.1. *>  mg/kg/ 
dose  q8h)  or  a  volume-  and  color- 
matched  placebo  (D5/W).  Pulmonary 
functions  were  evaluated  at  baseline 
and  at  48  and  96  hours  after  entry 
to  the  study.  The  study  was  also 
designed  for  crossover  from  placebo 
to  albuterol  or  albuterol  to  caffeine 
in  the  event  that  the  infant's  total 
pulmonary  resistance  did  not  improve 
at  the  time  of  the  48-hour  pulmonary 
function  evaluation.  Heart  rate  and 
respiratory  rate  showed  a  statistically 
significant  but  clinically  unimportant 
increase  in  the  albuterol-treated 
infants.  There  were  no  significant 
differences  noted  in  systolic  or 
diastolic  blood  pressure.  Percent 
improvement  in  the  pulmonary  func- 
tion indices  were  calculated  from 
baseline  to  48  hours  and  from  baseline 
to  96  hours  for  the  placebo  and 
albuterol-treated  groups.  The  results 
indicate  that  at  48  hours  there  were 
statistically  significant  improvements 
in  total  resistance  ( 14.5%),  inspiratory 
resistance  (10.8%),  and  expiratory 
resistance  (12.9%)  in  the  albuterol- 
treated  infants  as  compared  to  the 
spontaneous  deterioration  of  the  same 
values  by  25%,  81%,  and  11%, 
respectively,  in  the  placebo-treated 
infants.  In  conclusion,  oral  albuterol 
therapy  of  48  hours  duration 
improved  pulmonary  resistance 
without  major  cardiovascular  side 
effects  in  ventilator-dependent  pre- 
mature infants. 


Continual  Trending  of  Pick  Vari- 
ables in  the  Critically  III  Patient — 

TJ  Quinn,  C  Weissman,  M  Kemper. 
Chest  199I;99:703. 


We  continually  monitored  compo- 
nents of  the  Pick  equation  (oxygen 
consumption,  arterial  and  mixed 
venous  oxygen  saturation)  simultane- 
ously in  ten  hemodynamically  stable, 
mechanically  ventilated  postoperative 
patients  in  order  to  evaluate  our  ability 
to  continually  calculate  cardiac  output 
(Qc)  from  its  Pick  determinants.  Qc 
underestimated  (p<  0.001)  cardiac 
output  calculated  from  intermittent 
CO-oximeter  measurements  (6.2  vs 
6.4  L/min)  with  good  correlation 
(r  =  0.96),  while  it  consistently 
overestimated  (p  <  0.05)  thermodilu- 
tion  cardiac  output  (Qtd)  (6.2  vs  5.9 
L/min,  r  =  0.84).  Measured  oxygen 
consumption  correlated  with  Qtd 
(r  =  0.78)  nearly  as  well  as  did  Qc, 
while  mixed  venous  oxygen  satura- 
tion correlated  poorly  with  Qtd 
(r  =  -  0.10).  Trends  of  multiple  Fick 
variables  were  helpful  in  interpreting 
changes  in  a  single  parameter.  We 
conclude  that  continual  trending  of 
Fick  variables  in  critically  ill  patients 
is  both  feasible  and  useful  and  that 
Qc  agrees  well  with  both  traditional 
Fick  cardiac  output  computed  from 
CO-oximetry  data  and  thermodilution 
measurements.  Finally,  measured 
oxygen  consumption,  available  con- 
tinuously, correlates  well  with 
changes  in  cardiac  output  in  this 
subset  of  critically-ill  patients. 

Verification  of  Endotracheal  Tube 
Placement  with  Colorimetric  End- 
Tidal  CO,  Detection— BA  MacLeod, 
MB  Heller,  J  Gerard,  DM  Yealy,  JJ 
Menegazzi.  Ann  Emerg  Med  1991; 
20:267. 

STUDY  OBJECTIVE:  To  determine 
the  ability  of  a  disposable  colorimetric 
COi  detector  to  accurately  confirm  or 
refute  endotracheal  tube  placement. 
DESIGN:  Two  hundred  fifty  prospec- 
tive emergency  intubations.  SET- 
TING: Emergency  intubations  per- 
formed in  the  emergency  department, 
helicopter,    and    prehospital    ground 
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¥¥Thy  has 

VVperinatal 
and  neonatal 
mortality 
decreased? 


Fetal  Lung  Development  by 
Charles  Rosenfeld.  MD. 
examines  the  improved 
statistics  on  perinatal  and 
neonatal  mortality  over  the 
last  1 5  years  and  fetal  lung 
development  in  anatomical 
and  biochemical  phases. 

The  four  anatomical  phases 
of  fetal  lung  development  are 
described.  The  biochemical 
development  of  the  fetal  lung, 
including  a  description  of  the 
major  components  of 
surfactant,  the  importance  of 
their  timely  development,  and 
surfactant's  function,  is 
discussed.  The  methods  used 
to  assess  fetal  maturity  by  the 
use  of  tracheal  aspirate  to 
identify  phospholipid  ratios 
are  described. 

A  question-and-answer 
session  focuses  on  methods  to 
accelerate  fetal  lung 
maturation  and  current 
research  on  surfactant 
replacement  therapy. 

Fetal  Lung  Development  is 
just  one  of  the  tapes  in  a  low- 
cost  video  series  that  gives 
you  the  latest  information  on 
the  newest  technologies  and 
techniques  in 
cardiopulmonary  care. 

Fetal  Lung  Development  -  Item  VT23 

VHS  •  $40  (AARC  Members  Pay  Only  $35) 

Add  $2  Shipping  for  Each  Tape 


cau  (2 14)  243-2272 

or  write  the  AARC  at: 
11030  Abies  Lane 
Dallas,  TX  75229 


''yesterday,  I  again  had  the 
opportunity  to  use  'Life  and 
(Breath '  as  I  made  a  presentation  to 
a  group  of  45  senior  citizens,  l^iey, 
as  numerous  groups  before  them, 
had  no  idea  about  the  profession  of 
respiratory  care.  I  feeC  tike  a 
crusader,  armed  with  the  !AJA%C's 
video  .  .  ." 

Margaret  T.,  Ohio 


Start  Your  Own  Crusade  With 
"Life  and  Breath" 

"Life  and  Breath"  can  start  you  on  your  own  crusade  to  educate  the  masses  about 
respiratory  care.  This  6'/j-minute  video  vividly  recreates  the  excitement  and  challenge  of  a 
career  in  respiratory  care.  It  explains  the  roles  of  respiratory  care  practitioners  in  all 
settings  and  discusses  the  educational  requirements  needed  by  therapists. 

"Life  and  Breath"  is  an  ideal  student  recruitment  program,  and  it  can  be  used  for  so 
much  more.  Because  this  video  provides  an  excellent  overview  of  the  profession,  it  can  be 
presented  to  any  group  from  senior  citizens  to  students  to  staff  and  other  hospital 
professionals.  Or  use  it  as  Margaret,  our  video  crusader  did  —  "In  the  past  month,  we 
have  shown  the  video  to  individuals  interested  in  health  careers ...  as  part  of  a  formal 
presentation  for  a  'Women  in  Science'  day  .  .  .  worked  with  our  state  hcensure  committee 
to  ensure  that  all  state  senate  committee  members  viewed  the  video." 


Send  me 


copy(ies)  of  "Life  and  Breath" 


VHS  -  $40  ($35  for  AARC  members)  —  Item  VT98V 


Bill  to  my  Purchase  Order  No. 


enclosed  (plus  $3  shipping  each  tape) . 


Charge  to  my    □  Visa    □  MasterCard 

Card  number: 

Expires Signature  

Name 


Institution 

Address  

Citv 


State 


Zip 


AARC  Member  No. 


%^ %^ 

American  Association  for  Respiratory  Care 
1 1030  Abies  Ln.  •  DaUas,  TX  75229 
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The  pfx>ven  efiBcaq^ 
and  impressive  safety  profile 
of  the  first  protein-fi^ee, 
synthetic  lung  surfactant 


TM 


ExOSUrf  NEONATAL 

(Colfosceril  Palmitate,  Cetyl  Alcohol, 

lyloxapol)  For  Intratracheal  Suspension 

Controlled  clinical  trials  with  EXOSURF  Neonatal  showed  "dramatic  reductions"  in 
morbidity  and  mortality  of  infants  with  RDS.  Subsequent  use  under  a  year-long 
Treatment  IND  confirmed  its  efficacy  and  impressive  safety  profile.  Since  release  for 
marketing  in  August  1990,  widespread  use  in  hospitals  across  the  United  States  has 
further  established  its  value  in  the  treatment  of  RDS.  The  weight  of  clinical  experience 
is  in  favor  of  EXOSURF  Neonatal. 

Dramatic  reductions  in  neonatal  morbidity  and  mortality  reported  in 
clinical  trials  ' 

Improvement  in  clinical  outcome  after  EXOSURF  Neonatal  has  been  significant  in 
infants  at  risk  of  developing  RDS  as  well  as  those  with  established  RDS.  Prophylactic 
as  well  as  rescue  treatment  with  EXOSURF  Neonatal  has  dramatically  reduced 
morbidity  and  mortality  in  infants  weighing  greater  than  700  grams. 

SIGNIFICANT                                                       Prophylactic  treatment  Rescue  treatment 

REDUCTIONS  IN                                                                                0„^  ^^  TwoDose~ 

OVERALL  MORTALITY                                               Single  Dose^          TTiree  Doses'  Two  Dose"  1250  grams 

FROM  ANY  CAUSE  IN                                             700-1100  grams      700-1100  grams  700-1350  grams         and  above 

MIDDLE-SIZE  AND  Age                     (N=446)                 (N=716)  (N=419)                (N=1232) 


LARGE  INFANTS 

(Percent  reductions                     <  10  Days  —  —  59%'  35% 

with  EXOSURF)                           < 28  Days  40%*  44%'  52%^  39%" 

<  I  Year  44%'  41%'  46%*  31% 

•P=0.022.  'P=0.002.  'P<0.05.  •P<0.001 .  'P=0.039.  N=Nuniber  of  infants  enrolled  in  the  clinical  trials. 

A  single  prophylactic  dose  of  EXOSURF  Neonatal  reduced  1-year  mortality  by  44%. 
Two  additional  prophylactic  doses  provided  an  additional  4 1  %  reduction  in  1-year 

'■       SIGNIFICANT  Prophylactic  treatment  Rescue  treatment 

REDUCTIONS 

L'iJ^.??!^^!^  Single  Dose' 

FROM  RDS  IN  7OO-IIOO  grams 

MIDDLE-SIZE  AND  (N=446) 

LARGE  INFANTS  «  

(Percent  reductions  Reduction  in                      58%*                         66%'                          63%' 

with  EXOSURF)  death  from  RDS 


Two  Dose^ 

Two  Dose" 

1250  grams 

700-1350  grams 

and  above 

(N=419) 

(N=1232) 

•P=0.01 1 .  'P=0.007.  'P=0.CK)9.  N=Number  of  infants  enrolled  in  the  clinical  trials. 


SIGNIFICANT  REDUCTION 
IN  CARDIOPULMONARY 
DESTRUCTION  TO  DAY  28 
FOLLOWING  TWO-DOSE 
RESCUE  TREATMENT' 
(Percent  reductions 
with  EXOSURF) 


Birth  weight 

700-1350- 
(N=419) 


Reduction  in  death  at  28  days 
or  survival  with  broncho- 
pulmonary dysplasia  (BPD) 

34%* 


1250  and  above^ 
(N=1232) 


43%* 


*'P=0.002.  N=Number  of  infants  enrolled  in  the  clinical  tnals. 


Rapid  onset  of  action  documented  in  rescue  use' 

Improvements  in  mean  FiOz  and  mean  alveolar-arterial  PO;,  (A-a)  gradient  were 
present  by  2  hours  after  dosing  in  middle-size  babies  (700-1350  grams). 
Improvements  in  mean  airway  pressures  began  sometime  between  2  and  6  hours 
in  middle -size  babies.  These  improvements  persisted  for  at  least  7  days. 


SIGNIFICANT 

IMPROVEMENTS 
IN  SUPPLEMENTAL 
OXYGEN  NEEDS 
AND  VENTILATORY 
REQUIREMENTS 
SEEN  IN  MIDDLE- 
SIZE  BABIES^ 


I  Air 
EXOSURF  Neonatal 


All  charts  from  Long^ 


-,    10 


P=0.0001 


Hours  Postdose 


£6 


P=0.100 


P=0.023 


Please  see  brief  summary 
of  full  prescribing  infor- 
mation on  last  pages  of 
this  advertisement. 
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Efficacy  and  impressive  Scifety  profile  of  EXOSUKF   Neonatal"' 
confirmed  in  continued  widespread  tise^ 

In  North  American  controlled  clinical  trials,  more  than  2600  premature  infants 
received  EXOSURF  Neonatal.  Under  the  year-long  Treatment  IND,  over  11,400  infants 
received  EXOSURF  Neonatal.  In  the  six  months  following  its  release  for  marketing, 
EXOSURF  Neonatal  has  been  given  to  10,000  infants  in  more  than  750  hospitals. 

There  are  no  known  infectious  or  immunologic  risks  associated  with 
EXOSURF  Neonatal  use.  In  controlled  clinical  trials,  adverse  events  were  comparable 
to  those  of  placebo,  with  the  exception  of  apnea  and  pulmonary  bleeding. 
Infants  receiving  EXOSURF  Neonatal  required  less  ventilatory  support,  possibly 
contributing  to  an  increased  incidence  of  apnea.  Pulmonary  bleeding  occurred  in  1% 
of  control  infants  and  2%  of  treated  infants  in  controlled  trials.  In  the  treatment  IND, 
pulmonary  bleeding  was  reported  in  4%  and  mucous  plugging  at  a  rate  of  3/1000. 
Pulmonary  bleeding  appears  to  be  preventable  with  early  diagnosis  and  appropriate 
treatment  of  patent  ductus  arteriosus. 

One-year  foUow-up  evaluated  developmental  outcomes 

Double-blind  1-year  follow-up  of  more  than  1450  infants  enrolled  in  randomized 
trials  showed  that  mental  and  motor  scores  appeared  to  be  higher  in  tiny  infants 
(<750  grams)  as  well  as  middle-size  infants  (750-1249  grams)  who  received  Exosurf 
Neonatal. 

Economic  data  analysis  showed  cost  savings"" 

Three  separate  studies  evaluated  the  economic  impact  of  a  single  prophylactic 
dose  of  EXOSURF  Neonatal,  two-dose  rescue  treatment  in  700-  to  1350-gram 
infants,  and  two-dose  rescue  treatment  during  the  neonatal  period  in  infants 
weighing  over  1350  grams.  Results  indicate  that  both  prophylactic  treatment  and 
rescue  treatment  are  cost-effective.  Mean  hospital  charges  were  $6451  less  for  large 
infants  receiving  two-dose  rescue  treatment  versus  air  in  the  first  28  days  of  life. '° 

As  easy  to  use  as  it  is  effective 

•  Easy  to  store  and  use  EXOSURF  Neonatal  may  be  stored  at  room  temperature. 
Reconstituted  suspension  may  be  maintained  refrigerated  or  at  room  temperature 
for  up  to  12  hours.  Key  items  needed  for  administration  are  supplied  in  one  kit. 

•  Easy  to  administer  Each  EXOSURF  Neonatal  dose  is  administered  in  two 
2.5-mL/kg  half-doses  without  interrupting  mechanical  ventilation. 

•  Easy  on  infant  To  assist  the  distribution  of  EXOSURF  Neonatal 

in  the  lungs,  the  infant  is  simply  turned  from  midline  position  to  the 
right  after  the  first  half-dose,  and  from  midline  position 
to  the  left  after  the  second  half-dose. 

References:  1.  Bose  C.  Corbet  A.  Bose  G,  et  al  Improved  outcome  at  28  days  of  age  for  very  low  birth  weight  infants  treated  with  a  single 
d'    ■    'f  I    ,ithetic  surfactant  J  Pediatr  1990,117:947-953,  2.  Corbet  A.  Bucciarelli  R,  Goldman  S.  et  al.  Decreased  mortality  m  small 
pn  iTi.j;  jr.  i;i!,ints  treated  at  birih  with  a  single  dose  of  synthetic  surfactant:  a  multi-center  controlled  trial.  J  Pediatr.  1991  ;1 18:277-284 
3.  Caeroes  J,  Cook  L.  Beaumont  E,  Cort)et  A,  Long  W,  Ajnencan  EXOSURF  Pediatnc  Groups  I  and  II  Effects  of  three  vs.  one  prophylactic 
doses  of  EXOSURF  Neonatal  in  700-  to  1 100-gram  neonates.  Pediatr  Res.  1991  ;29{no-  4.  pt  2):214A  Abstract.  4.  Long  W.  Thompson  T. 
Sundeil  H,  et  al-  Effects  of  two  rescue  doses  of  a  synthetic  surfactant  on  mortality  rate  and  survival  without  bronchopulmonary  dysplasia  in 
700-  to  1350-gram  infants  with  respiratory  distress  syndrome.  J  Pediatr.  1991  ;1 18:595  605,  5.  US  and  Canadian  EXOSURF  Pediatnc 
Study  Groups.  Effects  of  two  rescue  doses  of  EXOSURF*  Pediatric  in  1232  infants  >1 250  grams  Pediatr  Res.  1990;27(no.  4,  pt  2) :320A. 
Abstract.  6.  Data  on  file.  Burroughs  Wellcome  Co.,  1991.  7.  Waller  D,  McGuinness  G,  Bose  C,  et  al  Double-blind  one-year  follow  up  in 
1 450  infants  randomized  to  EXOSURF"  Neonatal  or  air.  Ped/afrfles.  1991i29(no.  4.  pt  2):270A,  Abstract.  8.  Sell  M,  Corbel  A,  Gong  A, 
et  al.  Ecorromk;  impact  of  a  single  prophylactic  dose  of  EXOSURF*  Neonatal  in  700  to  1  lOOgram  infants.  Pediatr  Res   1991  ;29(no  4, 
pt  2):265A,  Abstract,  9.  Mammel  M.  Mullett  M,  Oerleth  D.  et  al.  Economic  impact  of  two  rescue  doses  of  EXOSURF*  Neonatal  in  700  1350 
gram  infants.  Pediatr  Res.  l99l;29(no.  4,  pt  2}:260A,  Abstract.  10.  Schumacher  R,  Burchfield  D.  VaughanR,  et  al.  Economic  impact  ol  two 
rescue  doses  of  EXOSURF*  Neonatal  in  S1350  gram  infants.  Pediatr  Res.  1991  ;29(no.  4.  pt  2):264A  Abstract. 
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EXOSURF  Neonatal" 

(COLFOSCERILPALMITATE,  CETYL  ALCOHOL,  TYLOXAPOL) 
For  Intratracheal  Suspension/ 10  mL  vials 

PLEASE  CONSULT  FULL  PRODUCT  INFORMATION  BEFORE  PRESCRIBING. 
INDICATIONS  AND  USAGE;  Exosurl  Neonaial  is  indicated  (or 

1  Prophylactic  iredlmenl  ol  inlanls  with  birth  weights  ot  less  Ihan  13bO  granis  who  are  at  risk  ot  developing 
RDSisee  PRECAUTIONS) 

2  fYoptiyiactic  treatment  of  inlanls  with  birth  weights  greater  than  1350  grams  who  have  evidence  ol  pulmonary 
immaturity  and 

3  Rescue  trealmeni  ol  inlants  who  have  developed  ROS 

CONTRAINDICATIONS:  There  are  no  known  contraindicalions  lo  trealmeni  wilh  Exosurl  Neonatal 
WARNINGS  Intratracheal  Administration  Only:  Exosurt  Neonatal  should  be  administered  only  by  instillation  in- 
to the  tfjchea  General:  The  use  ol  Bxosurl  Neonatal  requires  expert  clinical  care  by  experienced  neonalologisis 
and  other  clmtctans  who  are  accomplished  at  neonatal  inlubation  and  ventilatory  management  Adequate  per- 
sonnel lacilities  equipment  and  medications  are  required  to  optimise  perinatal  outcome  in  premature  inlanls 
Instillation  ol  Exosurt  Neonalat  should  be  performed  only  by  trained  medical  personnel  experienced  m  airway 
and  clinical  management  ol  unstable  premature  inlanls  Vigilant  clinical  attention  should  be  given  to  all  mlanis 
pnorto  during  and  alter  administration  ol  Exosurl  Neonatal  AcuteEttecIs:  ExosurlNeonatalcan  rapidly  altect 
oxygenation  and  lung  compliance  Lung  Compliance:  ll  chest  expansion  improves  subslanlially  alter  dosing 
peak  ventilator  inspiratory  pressures  should  be  reduced  immediately  without  waiting  lor  conlirmalion  ol  respiratory 
imprwemeni  by  blood  gas  assessment  Failure  to  reduce  inspiratory  ventilator  pressures  rapidly  in  such  instances 
can  result  m  lung  overdistention  and  lalal  pulmonary  air  leak  Hyperoiia:  ll  the  mlani  becomes  pmk  and 
transcutaneous  oxygen  salutation  is  m  excess  ol  95% ,  FiO,  should  be  reduced  m  small  but  repeated  steps  (until 
saturation  is  90  to  95%  i  without  waiting  lor  conlirmation  ol  elevated  arlenal  pO,  by  blood  gas  assessment  Fail- 
ure to  reduce  FiG,  m  such  instances  can  result  in  hyperoxia  Hypocarbia:  II  arterial  or  transcutaneous  CO, 
measurements  are  <30  torr  the  ventilator  rate  should  be  reduced  at  once  Failure  to  reduce  ventilator  rales  in 
such  instances  can  result  m  marked  hypocarbia  which  is  known  to  reduce  brain  blood  How  Pulmonary  Hemor- 
rhage: In  the  single  study  conducted  m  inlanls  wreighing  <700  grams  at  birth  the  incidence  ol  pulmonary  hemor- 
rhage (10%  vs  2%  in  the  placebo  group)  was  sigmlicanily  increased  in  the  Exosurl  Neonatal  group  None  ol 
the  live  studies  involving  intants  with  btrih  weights  >700  grams  showed  a  sigmlicanl  increase  m  pulmonary 
hemorrhage  m  the  Exosurl  Neonatal  group  In  a  cross-study  analysis  ol  these  live  studies,  pulmonary  hemor- 
rhage was  reported  tor  l%(  14/1420)01  mlanis  in  the  placebo  group  and  2%  l27/l'11l)ot  inlanls  mlhe  Exosurt 
Neonatal  group  Fatal  pulmonary  hemorrhage  occurred  in  three  inlants  Iwo  m  Ihe  Exosurl  Neonatal  group  and 
one  in  the  placebo  group  Mortality  Irom  all  causes  among  mlants  who  developed  pulmonary  hemorrhage  was 
43%  in  the  placebo  group  and  37%  in  the  Exosurt  Neonatal  group  Pulmonary  hemorrhage  m  both  Exosurt  Neonatal 
andplaceboinlants  was  more  IrequenI  in  intants  who  were  younger  smaller  male  or  who  had  a  patent  ductus 
arteriosus  Pulmonary  hemorrhage  typically  occurred  in  the  lirst  2  days  ol  lite  in  bolh  trealmeni  groups  In  more 
than  7700  intants  in  the  open  uncontrolled  study,  pulmonary  hemorrhage  was  reported  in  4  %  bul  lalal  pulmonary 
hemorrhage  was  reported  rarely  (0  4%)  In  ihe  controlled  clinical  studies  Exosurt  Neonatal  treated  inlanls  who 
received  steroids  more  than  24  hours  prior  to  delivery  or  mdomethacin  postnalally  had  a  lower  rale  ol  pulmonary 
hemorrhage  than  other  Exosurt  Neonatal  treated  inlanls  Atientton  should  be  paid  to  early  and  aggressive  diagnosis 
and  treatment  (unless  contraindicated)  ot  patent  ductus  arteriosus  during  the  lirst  2  days  ol  lile  (while  Ihe  duc- 
tus arteriosus  is  olten  clinically  silent)  Other  potentially  protective  measures  include  attempting  to  decrease 
FiO,  prelerenlially  over  ventilator  pressures  during  the  tirst  24  to  48  hours  alter  dosing  and  attempting  lo  de- 
crease PEEP  minimally  lor  at  least  48  hours  after  dosmg  Mucous  Plugs:  Intants  whose  ventilation  becomes  marked- 
ly impaired  during  or  shortly  atler  dosing  may  have  mucous  plugging  of  the  endotracheal  tube,  particularly  it 
pulmonary  secretions  were  prominent  prior  to  drug  admmislralion  Suctioning  ol  all  inlants  prior  to  dosmg  may 
lessen  the  chance  ol  mucous  plugs  obstructing  the  endotracheal  tube  II  endotracheal  lube  obstruction  Irom 
such  plugs  IS  suspected .  and  suctioning  is  unsuccessful  m  removing  the  obstruction  the  blocked  endotracheal 
tube  should  be  replaced  immediately 
PRECAUTIONS 

General  i  n  the  controlled  clinical  studies,  intants  known  prenatally  or  postnalally  to  have  major  congenital  anomalies 
or  who  were  suspected  ol  having  congenital  mlection .  were  excluded  Irom  entry  However  these  disorders  can- 
not be  recognized  early  m  lile  in  all  cases,  and  a  lew  mlants  with  these  conditions  were  entered  The  beneMs 
of  Exosurt  Neonatal  in  the  affected  infants  who  received  drug  appeared  to  be  similar  lo  Ihe  Denelits  observed 
in  inlants  withoul  anomalies  or  occult  infection  Prophylactic  Treatment-Infants  <700  Grams;  In  mlants  weighing 
500  lo  700  grams,  a  single  prophylaclic  dose  ol  Exosurt  Neonatal  sigmlicanily  improved  FiO,  and  ventilator 
settings,  reduced  pneumothorax,  and  reduced  death  Irom  RDS,  bul  increased  pulmonary  hemorrhage  (see 
WARNINGS)  Overall  mortality  did  not  ditler  significantly  between  the  placebo  and  Exosurt  Neonatal  groups  (see 
Table  t  m  lull  product  intormation)  Oala  on  multiple  doses  in  mlants  in  this  weight  class  are  not  yet  available 
Accordingly  clinicians  should  carelufly  evaluate  Ihe  potential  risks  and  benelitsol  Exosurt  Neonatal  administra- 
tion in  these  inlanls  Rescue  Treatment-Number  ot  Doses:  A  small  number  ol  inlants  with  RDS  have  received 
more  than  two  doses  ol  Exosurt  Neonatal  as  rescue  trealmeni  Detmilive  data  on  the  safety  and  ellicacy  of  these 
additional  doses  are  not  available  Carcinogenesis,  Mutagenesis,  Impairment  ot  Ferlility:  Exosurt  Neonaial  at 
concentrations  up  to  lOOOOjjg/plate  was  not  mutagenic  in  the  Ames  Salmonella  assay  Long-lerm  studies  Uave 
not  been  pertormed  m  animals  to  evaluate  the  carcinogenic  potential  ol  Exosurt  Neonatal  The  effects  of  Exosurt 
Neonatal  on  fertility  have  not  been  studied 
ADVERSE  REACTIONS: 

General:  Premature  birth  is  asscciatea  with  a  high  incidence  of  morbidity  and  mortality  Despile  significant  reduc- 
tions in  overall  mortality  associated  with  Exosurt  Neonatal  some  inlanls  who  received  Exosurt  Neonatal  devel- 
oped severe  complications  and  either  survived  with  permanent  handicaps  or  died 
In  controlled  clinical  studies  evaluating  the  safety  and  efficacy  of  Exosurt  Neonatal  numerous  safety  assessments 
were  made  In  inlants  receiving  Exosurt  Neonatal  pulmonary  hemorrhage  apnea  and  use  ol  methylxanthmes 
were  increased  A  number  ot  other  adverse  events  were  sigmlicanily  reduced  in  Ihe  Exosurl  Neonatal  group 
particularty  various  forms  of  pulmonary  air  leak  and  use  ol  pancuronium  Tables  3  and  4  summanze  the  results 
ot  Ihe  major  safety  evaluations  from  the  controlled  clinical  studies 


Table  3:  Safety  Asieiiments^-Prflptiytoclic  Tteatnunl  (Cont  ) 


Table  3:  Safety  Assessments' 

'-Prophylactic  Treatminl 

Number  ol  Doses 

Single  Dose 

Single 

iDose 

Single  Dose 

1  VS  3  Doses 

Bind  Weighi  Range 

500  to  700  grams 

70010 1350  grams 

70010  1100  grams 

700 10 1100  grams 

Placebo 

Placebo 

Placebo 

EXOSURF 

EXOSURF 

IcealmenI  Group 

lAill 

EXOSURF 

(Airi 

EXOSURF 

(Airl 

EXOSURF 

iDose 

3  Doses 

Number  of  Intanis 

N  =  108 

N  =  107 

N=193 

N  =  I92 

N=222 

N  =  224 

N=356 

N  =  360 

%  ot  Intants 

%  ot  Inlants 

%  ot  Intants 

%  ol  Intants 

inlravenlriculai  Hemorrhage 

IIVH) 

Overall 

51 

57 

31 

27 

36 

36 

38 

35 

Severe  IVH 

26 

25 

10 

8 

13 

14 

9 

9 

Pulmonary  Air  Leak  IPALI 

Overall 

52 

48 

16 

11 

32 

25 

29 

27 

Pneumothorax 

23 

10- 

5 

19 

tr 

14 

12 

Pneumopencarijium 

1 

4 

i 

<1 

1 

1 

1 

Pneumome(]iasIinum 

2 

1 

2 

7 

f 

3 

2 

Pulmonary  Interslilial 

43 

44 

13 

26 

20 

23 

22 

Emphysema 

Death  Irom  PAL 

4 

6 

<1 

<1 

2 

1 

2 

1 

Patent  Ductus  Arteriosus 

49 

53 

66 

70 

50 

55 

59 

57 

Necrotizing  Enterocolitis 

2 

4 

11 

13 

3 

4 

6 

2- 

Pulmonary  Hemorrhage 

2 

10" 

2 

1 

4 

4 

6 

Congenital  Pneumonia 

4 

4 

2 

2 

2 

1 

1 

Nosocomial  Pneumonia 

10 

to 

2 

4 

7 

14 

15 

Non-Pulmonary  Intections 

33 

35 

34 

39 

28 

29 

35 

34 

Sepsis 

30 

34 

30 

34 

23 

24 

30 

27 

Death  From  Sepsis 

4 

4 

3 

t 

2 

3 

2 

Meningitis 

4 

6 

3 

2 

3 

1 

2 

Other  Intections 

7 

4 

5 

6 

10 

10 

11 

Maior  Anomalies 

3 

t 

2 

7 

4 

4 

4 

Number  ot  Doses 
8inh  Weight  Range 


Single  Dose  Single  Dose  Single  Dose 

500  la  700  grams      70010  1350  grams     70010  1100  grams 


1  vs  3  Doses 
70010 1100  grams 


Placebo  Placebo  PiaceOo  EXOSURF     EXOSURF 

trealmeni  Group        IAn|      EXOSURF      (Air)      EXOSURF      |Air|       EXOSURF        IDose         30oses 

Number  ol  Inlants       N  =  108      N.I07      N.I93      N.192     N  =  222      N=224        N  =  356        N.360 


%  ol  Intants 


V,  ot  Intants 


%  ot  Intants 


%  ot  Intants 


Hypotension 

70 

77 

52 

47 

59 

62 

54 

50 

Hyperbilirubinemia 

22 

21 

63 

61 

27 

31 

20 

21 

Exchange  Transfusion 

4 

3 

1 

2 

2 

2 

3 

1 

Thrombocytopenia" 

21 

25 

not  available 

9 

8 

12 

to 

Persistent  Fetal  Circulation 

0 

1 

1 

t 

0 

2- 

1 

<1 

Seizures 

11 

8 

2 

2 

t1 

9 

6 

5 

Apnea 

34 

33 

76 

73 

55 

65- 

62 

68 

Drug  Therapy 

Antibiotics 

96 

99 

98 

96 

98 

99 

>99 

99 

Diurelics 

55 

60 

39 

37 

59 

63 

64 

65 

Anliconvutsanls 

14 

18 

23 

24 

20 

16 

9 

« 

inoi  ropes 

46 

40 

20 

20 

26 

20 

28 

77 

Seflalives 

62 

71 

65 

64 

63 

57 

52 

5? 

Pancuronium 

19 

11 

22 

14- 

19 

13- 

15 

11 

Uelhylxanihmes 

38 

43 

77 

77 

51 

72- 

75 

82- 

'  All  parameters  were  examinee  with  as-treated 
^  Thrombocytopenia  reguifing  piaieiei  transfusion 

analyses 

•  p<0  05 

•  p<0  01 

Table  4:  Safety  Assessments'— flescue  Treatment 

Number  ol  Doses 
Binti  Weigtil  Range 

Two  Ooses 
70010  1350  grams 

Two  Doses 
1250  grams  anU  above 

Treatment  Group      PlaceDoiAiri       EXOSURF 
Number  ol  Intanis           N  =  213            N=206 

Placebo  (Air)      EXOSURF 
N=622            N=615 

%  ot  tnfanis 

%  ot  Intants 

Intraventricuiar  Hemorrhage  (IVH) 

Overall 

48 

52 

23 

IB- 

Severe  IVH 

13 

9 

5 

4 

PulmonaryAir  Leak  (PAL) 

Overall 

54 

34"- 

30 

18— 

Pneumotliorax 

29 

20- 

20 

10'" 

Pneumopencarrfium 

4 

f 

1 

2 

Pneumomediastinum 

8 

4 

5 

2" 

Pulmonary  Interstitial  Emptiysema 

48 

25--- 

24 

13-" 

Death  from  PAL 

7 

3 

<1 

1 

Patent  Ductus  Arteriosus 

66 

57 

54 

45- 

f^ecrolizing  Enleiocolltis 

3 

3 

1 

2 

Pulmonary  Hemorrhage 

3 

1 

<1 

1 

Congenital  Pneumonia 

2 

3 

2 

2 

Nosocomial  Pneumonia 

5 

7 

2 

2 

Non-Pulmonary  Infections 

19 

22 

13 

13 

Sepsis 

15 

17 

B 

8 

Death  From  Sepsis 

<1 

<1 

1 

<1 

f^eningitis 

1 

<1 

1 

<f 

Other  Intections 

5 

B 

5 

6 

l^aior  Anomalies 

3 

3 

4 

4 

Hypotension 

62 

57 

50 

39" 

Hyperbilirubinemia 

17 

19 

12 

10 

Exchange  Translusion 

3 

4 

1 

2 

Thrombocytopenia" 

10 

11 

4 

<f 

Persistent  Fetal  Circulalion 

1 

1 

6 

J.. 

Seizures 

10 

10 

6 

3- 

Apnea 

48 

65" 

37 

44- 

Drug  Therapy 

Antibiotics 

100 

99 

98 

98 

Diuretics 

60 

65 

45 

34  — 

Anticonvulsants 

17 

17 

10 

5-- 

Inolropes 

36 

31 

27 

16— 

Sedatives 

72 

68 

76 

64-" 

Pancuronium 

34 

17-- 

33 

15-" 

f^eltiylxanihines 

62 

74" 

49 

53 

'All  parameters  were  examined  witti 

as-treated   analyses 

•  p<0  05 

•"p<0  001 

"Thrombocytopenia  requiring  platelet  transfusion 

••p<0  01 

Pulmonary  Hemorrtiage:  See  WARNINGS  Abnormal  Laboratory  Values:  Abnormal  laboratory  values  are  com- 
mon in  critically  ill  mechanically  ventilated  premature  inlanls  A  higher  incidence  ol  abnormal  laboratory  values 
in  Ihe  Exosurt  Neonaial  group  was  not  reported  Events  Dunng  Dosing  Data  on  events  during  dosmg  are  available 
Irom  more  than  8800  inlanls  in  Ihe  open  uncontrolled  clinical  study  i  Table  5) 


Table  5:  Events  During  Dosing 

in  file  Open,  Uncontroffed 

Study" 

Treatment  Type 

Prophylactic  Treatment 

Rescue  Treatment 

Number  of  Infants 

N  =  1127 

N  =  7711 

%  ot  Inlants 

%  ol  Infants 

Reflux  of  Exosurt 

20 

31 

Drop  mO,  saturation  (»  20%) 

6 

22 

Rise  in  Oj  saturation  (  2: 10%) 

5 

6 

Drop  in  transcutaneous  pO,  (  >  20  mm  Hg) 

1 

8 

Rise  in  transcutaneous  pOj  (  >  20  mm  Hg) 

2 

5 

Drop  in  transcutaneous  pCO;  (  2:  20  mm  Hg) 

<1 

1 

Rise  in  transcutaneous  pCO;  (  i  20  mm  Hg) 

1 

3 

Bradycardia  «60  beats/mm) 

1 

3 

Tachycardia  (>200  beats/mm) 

<1 

<1 

Gagging 

1 

5 

Mucous  Piugs 

<1 

<1 

■'  Intants  may  have  experienced  more  than  one  event 
Investigators  were  prohibiied  Irom  adjusting  FiO,  and/or  ventilator  settings  during  dosing  unless  significant 

clinical  deterioration  occurred 

Reflux  Reliux  ot  Exosurt  Neonaial  inio  the  endotracheal  lube  during  dosing  has  been  observed  and  may  be 

associated  with  rapid  drug  administration  II  reliux  occurs,  drug  administration  should  be  halted  and,  if  necessary, 
peak  inspiratory  pressure  on  the  ventilator  should  be  increased  by  -J  to  5  cm  H,0  until  ihe  endotracheal  tube 
clears  >20%  Drop  in  Transcutaneous  Oxygen  Saturation:  It  transcutaneous  oxygen  saturation  declines  dur- 
ing dosing  drug  administration  should  be  halted  and  il  necessary,  peak  inspiratory  pressure  on  the  ventilator 
should  be  increased  by  4  to  5  cm  H,0  tor  i  lo  2  minutes  In  addition,  increases  of  FiO,  may  be  reguired  lor  1 
to  2  minutes  Mucous  Plugs  See  WARNINGS 
DOSAGE  AND  ADMINISTRATION:  See  lull  product  information 
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ABSTRACTS 


environment.  TYPE  OF  PARTICI- 
PANTS: Intubations  were  perfomied 
by  emergency  medicine  residents, 
paramedics,  and  flight  nurses. 
INTERVENTIONS:  The  FEP®  CO. 
detector  was  applied  after  250  emer- 
gency intubations.  Notation  of  color 
change  indicating  intratracheal  place- 
ment was  recorded  in  each  case. 
Confirmation  or  refutation  of  the 
detector's  results  was  determined 
subsequently  through  traditional 
methods.  RESULTS:  The  sensitivity 
for  confirmation  of  endotracheal 
intubation  in  the  137  patients  with  a 
palpable  pul.se  was  100%.  However, 
only  76  of  103  patients  (sensitivity, 
72%)  in  cardiac  arrest  had  endotra- 
cheal intubation  confirmed  by  color 
change.  The  device  was  uniformly 
sf)ecific  for  tracheal  intubation  in  73 
arrested  patients  in  whom  a  color 
change  was  noted  (100%).  There  was 
one  instance  (of  a  total  of  seven 
misintubations)  in  which  a  positive 
color  change  was  noted,  but  the  tube 
was  not  intratracheal  (specificity, 
86%).  Overall  sensitivity  for  tracheal 
intubation  was  88%  (95%  confidence 
limits;  range,  0.83  to  0.92),  and 
specificity  for  tracheal  intubation  was 
92%  (95%  confidence  limits;  range, 
0.62  to  0.99).  CONCLUSION:  The 
FEF®  colorimetric  detector  reliably 
detects  intratracheal  placement  in  the 
nonarrested  patient.  Its  use  in  pro- 
longed cardiac  arrest  merits  further 
study. 

Pressure-Time  Product  during 
Continuous  Positive  Airway  Pres- 
sure, Pressure  Support  Ventilation, 
and  T-Piece  during  Weaning  from 
Mechanical  Ventilation — CSH  Sas- 
soon,  RW  Light,  R  Lodia,  GC  Sieck, 
CK  Mahutte.  Am  Rev  Respir  Dis 
1991:143:469. 

The  objective  of  this  study  was  to 
compare  the  effects  of  continuous 
positive  airway  pressure  (CPAP), 
pressure  support  ventilation  (PS),  and 


T-piece  on  the  pressure-time  product 
(PTP)  during  weaning  from  mechan- 
ical ventilation.  The  PTP  is  an 
estimate  of  the  metabolic  work  or 
oxygen  consumption  of  the  respira- 
tory muscles.  We  studied  10  intubated 
patients  recovering  form  acute  respi- 
ratory failure  of  various  etiologies.  A 
modified  continuous  flow  (flow-by) 
CPAP  of  0  and  5  cm  H.O  (CPAP- 
0  and  CPAP-5,  respectively),  PS  of 
5  cm  HiO  (PS-5),  and  T-piece  were 
applied  in  random  order  for  30  min 
each.  In  the  last  5  min  of  the  30-min 
periods,  we  measured  the  esophageal 
pressure  and  transdiaphragmatic 
pressure-time  products — PTP(es)  and 
PTP(di),  cm  HiO  •  s/min,  respec- 
tively— multiplied  by  respiratory 
frequency.  Breathing  pattern,  total 
lung  resistance  (Rl),  quasi-static  lung 
compliance  (Cl),  intrinsic  positive 
end-expiratory  pressure  (PEEP,),  end 
expiratory  transpulmonary  pressure 
(Ptpexp),  arterial  blood  gases,  blood 
pressure,  and  heart  rate  were  also 
measured.  In  comparison  to  T-piece, 
CPAP-5  decreased  PTP(es)  40%- 
(p<0.01)andPEP(di)43%(p<0.02), 
whereas  PS-5  decreased  PTP(es)  34% 
(p < 0.01)  and  PTP(di)  38%  (p<  0.05). 
The  decrease  in  PTP(es)  with  CPAP- 
5  was  associated  with  a  significant 
reduction  in  R[ ,  and  to  a  less  extent 
in  PEEP,  relative  to  airway  pressure. 
The  contribution  of  the  decrease  in 
PEEP,  to  the  reduction  in  PTP(es) 
amounted  to  36%.  With  PS-5,  respi- 
ratory system  mechanics  and  PEEP, 
were  not  significantly  different 
compared  with  T-piece.  With  CPAP- 
0,  PTP  tended  to  be  lower  than  with 
T-piece.  This  was  likely  due  to  the 
inherent  small  end-inspiratory  posi- 
tive pressure  related  to  the  CPAP 
system.  Breathing  pattern,  arterial 
blood  gas  measurements,  and  hemo- 
dynamics were  similar  in  all  the 
ventilatory  modes.  In  conclusion, 
during  weaning  from  mechanical 
ventilation  of  patients  recovering 
from  acute   respiratory   failure,   low 


levels  of  CPAP  and  PS  significantly 
decrease  the  pressure-time  product  by 
40  and  34%,  respectively,  compared 
with  T-piece. 

Predictors  of  Postextubation 
Stridor  in  Pediatric  Trauma 
Patients — KJ  Kemper,  MS  Benson, 
MJ  Bishop.  Crit  Care  Med  1991; 
19:352. 

OBJECTIVE:  To  detenmine  which 
factors  are  the  best  predictors  of 
postextubation  stridor  in  pediatric 
trauma  patients.  DESIGN:  Prospec- 
tive cohort  study.  SETTING:  The 
Bum  and  Trauma  ICUs  at  Harborview 
Medical  Center  from  March  to  Sep- 
tember 1989.  PATIENTS:  Children 
were  eligible  for  the  study  if  they  were 
<  1 5  years  old,  were  intubated  for  >  1 2 
hours,  and  did  not  have  underlying 
cardiopulmonary  disease.  The  study 
included  25  patients  with  30  extuba- 
tions.  RISK  FACTORS  ASSESSED: 
Age,  type  of  injury  (bum  vs  trauma), 
location  of  intubation  (field  vs 
hospital),  endotracheal  tube  size, 
length  of  intubation,  and  presence  of 
an  airleak  around  the  tube  at  the  time 
of  extubation  at  30  cm  HiO  pressure. 
MAIN  OUTCOME  MEASURE: 
Moderate  to  severe  postextubation 
stridor  requiring  treatment  with 
racemic  epinephrine,  helium-oxygen, 
reintubation,  or  tracheostomy. 
RESULTS:  Treatment  for  postextu- 
bation stridor  was  required  after  1 1 
(37%^)  of  30  extubations,  with  5 
reintubations  and  I  tracheostomy. 
The  best  predictor  of  postextubation 
stridor  was  absence  of  an  airleak  at 
the  time  of  extubation  (sensitivity 
100%,  positive  predictive  value  79%, 
p<0.001),  followed  by  type  of  injury 
(facial  bum  vs  all  others;  sensitivity 
64%,  positive  predictive  value  88%, 
p  <  0.00 1 ).  After  controlling  for  these 
two  factors,  no  other  factor  studied 
was  a  significant  predictor  of 
postextubation  stridor.  CONCLU- 
SION:  In  pediatric  trauma  patients. 
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ABSTRACTS 


mechanism  of  injury  (facial  hum  vs 
other)  and  absence  of  an  airleak  al 
the  lime  of  exiubalion  are  the 
strongest  factors  pretlicting  postextu- 
bation  stridor.  Patients  with  one  or 
hotli  risk  factors  require  special 
attention  to  air\va\  management. 

Effect  of  Salbutamol  on  Specific 
Airway  Resistance  in  Infants  With 
a  History  of  Wheezing — L  Orlowski. 
C  Zychovvicz.  M  Migdal.  P  Gutkowski. 
Pediatr  Piilmonol  1991:10:191. 

The  purpose  of  this  study  was  to 
assess  the  effectiveness  of  nebulized 
salbutamol  in  infants  with  a  history 
of  wheezing.  Eighty-eight  children 
aged  3-24  months  with  a  history  of 
wheezing  were  studied,  in  seven 
groups:  1  (n=15)  and  1/A  (n=17), 
with  elevated  specific  airway  resist- 
ance (sRa^^);  II  (p  =  17)  with  normal 
sR,„:  III  (n  =  23),  III/A  (n=17)  and 
IV  (n=  18)  with  normal  sR^^^  exposed 
to  carbachol  bronchial  challenge 
(CBC);  and  V  (n=13)  serving  as 
control.  Infants  for  groups  I/A  and 
III/A  were  selected  to  match  by  age 
and  by  baseline  and  post-carbachol 
sR^^  values,  respectively.  Baseline 
airway  resistance  and  thoracic  gas 
volume  (TGV)  were  measured  ple- 
thysmographically.  Specific  airway 
resistance  was  selected  as  an  index 
of  bronchial  function.  Thereafter 
every  child  in  groups  1,  1/A,  and  11 
inhaled  200 //g  of  salbutamol  by  tidal 
breathing,  and  the  children  in  groups 
111.  Ill/A,  and  IV  were  exposed  to 
CBC.  Following  positive  reaction  to 
carbachol,  children  of  groups  111  and 
Ill/A  inhaled  salbutamol  (200 //g  tidal 
breathing),  and  those  of  group  IV 
received  no  drug.  Controls  from 
group  V  with  normal  sRJ^^  received 
placebo  (phosphate-buffered  saline). 
Plethysmography  was  repeated  in  all 
children  at  5  minute  intervals.  Fol- 
lowing salbutamol  sR.,^^  was  reduced 
in  children  with  elevated  and  normal 
sR,„.    In    contrast,    children    not 


receiving  salbutamol  had  unchanged 
sRj„  value.  The  response  to  salbu- 
tamol meaured  by  nR^^,  R^^.  and  TGV 
was  not  significantly  different  in  the 
spontaneously  obstructed  infants 
compared  to  those  who  received 
carbachol.  In  conclusion,  infants  with 
a  history  of  wheezing  do  respond  to 
inhaled  salbutamol. 


Analysis  of  Breath  Sounds  in 
Normal  and  Asthmatic  Children 
and  Adults  Using  Computer  Dig- 
itized Airway  Phonopneumo- 
graphy  (CDAP)— DG  Tinkelman.  C 
Lutz,  B  Conner.  Respir  Med 
1991:85:125. 

Analysis  of  breath  sounds  using  the 
stethoscope  is  a  major  part  of  phy- 
sicians evaluation  of  their  patients. 
However,  the  use  of  a  stethoscope  is 
often  inadequate  to  give  quantitative 
measurements  of  the  clinical  state  of 
the  individual.  In  this  study  a  mod- 
ification of  a  previously  described 
computer  analysis  of  breath  sounds 
was  used  to  measure  sound  intensity 
levels  in  both  nomial  and  asthmatic 
children  who.  in  most  cases,  were 
unable  to  perform  pulmonary  func- 
tion. The  intensity  levels  were  derived 
using  a  microcomputer-based  pro- 
gram that  digitizes  audio  signals  and 
calculates  energy  values  at  25-ms 
intervals  throughout  each  signal. 
There  were  statistical  differences 
between  mean  intensity  levels  for 
normal  breath  sounds  in  children 
between  2  and  6  years  and  the  mean 
intensity  levels  for  wheezing  sounds 
in  the  same  age  group,  as  well  as 
wheezing  sounds  in  asthmatic  patients 
over  the  age  of  8  years  (p<  0.002). 
Also,  the  mean  intensity  levels  for 
normal  breath  sounds  could  be  clearly 
differentiated  froin  intensity  levels  for 
other  sounds  from  the  chest,  including 
heart  sounds  and  voice  sounds.  Thus, 
computer  digitized  airway  phono- 
pneumography  (CDAP)  proved  to  be 
a  reproducible,  quantifiable  method 
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for  demonstrating  airway  obstruclion 
in  those  children  and  patients  unable 
to  perform  pulmonary  function 
testing. 

Birthweijjht,  Early  Passive  Respi- 
ratory System  Mechanics,  and 
Ventilator  Requirements  as  Predic- 
tors of  Outcome  in  Premature 
Infants  With  Respiratory  Failure — 
H  Kirpalani.  B  Schmidt.  S  Gaston. 
R  Santos.  R  Wilkie.  Pediatr  Pulmonol 
1991:10:195. 

Early  respiratory  mechanics  have 
been  reported  to  predict  outcome  in 
newborns  with  respiratory  failure. 
However,  it  remains  unknown 
whether  measurements  of  pulmonary 
function  add  significantly  to  the 
predictive  value  of  more  readily 
available  variables  such  as  birth- 
weight.    The    present    study    was 


designed  to  answer  this  question. 
Passive  respiratory  system  mechanics 
were  measured  by  an  airway  occlu- 
sion technique  in  104  ventilator- 
dependent  premature  infants  between 
6  and  48  hours  of  life  and  corrected 
for  infant  size.  A  ventilation  index 
lF|o,  xmean  airway  pressure  (MAP)| 
was  calculated  at  the  time  of  pulmo- 
nary function  testing.  Poor  outcome 
was  defined  as  death  from  respiratory 
failure  or  need  for  supplemental 
oxygen  at  28  days.  Stepwise  logistic 
function  regression  examined 
whether  ventilation  index  and  respi- 
ratory mechanics  added  predictive 
power  over  and  above  birthweight. 
Five  infants  died,  and  45  patients 
required  supplemental  oxygen  at  28 
days.  Birthweight  was  a  strong 
predictor  of  outcome  (p<  0.00005) 
and  would  have  entered  the  logistic 
model  first  in  any  case.  Ventilation 


index  added  significantly  to  the 
predictive  model  (p  =  0.038).  Respi- 
ratory system  conductance  (p  =  0. 15) 
and  compliance  (p  =  0.93)  entered  on 
the  third  and  last  step,  respectively. 
We  conclude  that  in  premature  infants 
with  respiratory  failure,  birthweight 
is  a  strong  predictor  of  outcome.  Early 
ventilator  requirements  but  not  res- 
piratory system  mechanics,  add 
significantly  to  this  predictive  model. 

Advance  Directives  for  Medical 
Care — A  Case  for  (Ireater  Use — 

LL  Emanuel,  MJ  Barry,  JD  Stoeckle, 
LM  Ettelson,  EJ  Emanuel.  N  Engl  J 
Med  1991:324:889. 

BACKGROUND:  Advance  directives 
for  medical  care  and  the  designation 
of  proxy  decision  makers  to  guide 
medical  care  after  a  patient  has  become 
incompetent  have  been  widely  advo- 
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cated  hut  little  studied.  We  investigated 
the  attitudes  of  patients  tmvard  plan- 
ning, perceived  barriers  to  sueh 
planning,  treatment  preferences  in  four 
hypotheiieal  scenarios,  and  the  feas- 
ibility of  using  a  particular  diKument 
(the  Medical  Directive)  in  the  outpa- 
tient setting  to  specif)  atlvance  direc- 
tives. METHODS:  We  surveyed  405 
outpatients  of  30  primary  care  physi- 
cians at  Massachusetts  General  Hos- 
pital and  1 02  members  of  the  general 
public  in  Boston  and  asked  them  as 
pan  of  the  survey  to  complete  the 
Medical  Directive.  RESULTS; 
Advance  directives  were  desired  by 
9V/(  of  the  outpatients  and  89%  of 
the  members  of  the  general  public 
(p>0.2).  Both  the  young  and  the 
healthy  subgroups  expressed  at  least 
as  much  interest  in  planning  as  those 
older  than  65  and  those  in  fair-to-poor 
health.  Of  the  perceived  barriers  to 
issuing  advance  directives,  the  lack  of 
physician  initiative  was  among  the 
most  frequently  mentioned,  and  the 
disturbing  nature  of  the  topic  was 
among  the  least.  The  outpatients 
refused  life-sustaining  treatments  in 
71%  of  their  responses  to  options  in 
the  four  scenarios  (coma  with  chance 
of  recovery,  57% :  persistent  vegetative 
state,  85%;  dementia,  79%;;  and 
dementia  with  a  terminal  illness,  87%), 
with  small  differences  between  widely 
differing  types  of  treatments.  Specific 
treatment  preferences  could  not  be 
usefully  predicted  according  to  age, 
self-rated  state  of  health,  or  other 
demographic  features.  Completing  the 
Medical  Directive  took  a  median  of 
14  minutes.  CONCLUSIONS:  When 
people  are  asked  to  imagine  themselves 
incompetent  with  a  poor  prognosis, 
they  decide  against  life-sustaining 
treatments  about  70%  of  the  time. 
Health,  age,  or  other  demographic 
features  cannot  be  used,  however,  to 
predict  specific  preferences.  Advance 
directives  as  part  of  a  comprehensive 
approach  such  as  that  provided  by  the 
Medical  Directive  are  desired  by  most 


people,  require  physician  initiative,  and 
can  he  achieved  during  a  regular  office 

visit. 

New  Method  for  Monitoring  Pul- 
monary Artery  Catheter  Loca- 
tion—T  Santora.  W  Ganz,  J  Gold, 
et  al.  Crit  Care  Med  1991:19:422. 

OBJECTIVE:  To  test  the  ability  of  a 
modified  pulmonary  artery  (PA)  mon- 
itoring catheter  to  detect  distal  catheter 
migration.  DESIGN:  Prospective  non- 
randomized trial.  PATIENTS:  Sur- 
gical ICU  patients  requiring  invasive 
hemodynamic  monitoring.  INTER- 
VENTIONS: Eight  patients  received 
PA  catheters  modified  to  include  a 
right  ventricular  (RV)  pressure  mon- 
itoring port  located  7  cm  from  the 
tip.  Fifteen  patients  received  catheters 
with  an  RV  port  located  10  cm  from 
the  tip.  Guided  by  the  RV  port 
pressure  wavefomi,  catheters  were 
initially  positioned  so  that  the  RV  port 
was  located  just  proximal  to  the 
pulmonic  valve.  MEASUREMENTS 
AND  MAIN  RESULTS:  Pulmonary 
capillary  occlusion  pressure  (PAOP) 
could  not  be  obtained  in  six  of  the 
eight  patients  receiving  the  7-cni  RV 
port  catheter  unless  the  RV  port  was 
advanced  into  the  PA.  PAOP  was 
consistently  obtained  in  all  15  patients 
receiving  the  10-cm  RV  port  catheter, 
with  the  RV  port  positioned  in  the 
RV.  Chest  radiographs  confirmed  a 
central  PA  catheter  position.  In  this 
group,  distal  migration  of  the  catheter 
occurred  14  times  in  eight  patients, 
as  detected  by  appearance  of  a  PA 
pressure  waveform  at  the  RV  port. 
Distal  migration  was  corrected  by 
withdrawal  of  the  catheter  until  an  RV 
waveform  reappeared  at  the  RV  port. 
CONCLUSIONS:  We  conclude  that 
distal  catheter  migration  occurs 
frequently  with  PA  monitoring  cath- 
eters, but  can  be  detected  at  the 
bedside  with  a  catheter  modified  to 
include  an  RV  port  10  cm  from  the 
tip.   This   new  catheter  may  add  a 


margin  of  safety  to  PA  nn)nitoring 
and  lower  its  overall  cost  by  elim- 
inating the  need  for  chest  radiographs 
ordered  solely  to  confirm  catheter  tip 
location. 


Variability  of  Breathlessness  Mea- 
surement in  Patients  with  Chronic- 
Obstructive  Pulmonary  Disease — 

MJ  Belman.  LR  Brooks,  DJ  Ross.  Z 
Mohsenifar.  Chest  1991:99:566. 

The  purpose  of  our  study  was  to 
evaluate  the  reproducibility  of  a  Borg 
rating  of  dyspnea  in  patients  with 
COPD.  We  examined  nine  patients 
with  COPD  who  perfonned  a  SST  on 
4  separate  days  within  a  lO-day 
period.  The  patients  walked  on  a 
treadmill  for  6  min.  At  the  end  of 
each  minute,  patients  matched  a  Borg 
rating  to  the  intensity  of  their  breath- 
lessness.  We  measured  the  HR,  Vp. 
Vq,,  Vj  and  f  at  the  end  of  each 
minute.  While  the  mean  Vq,.  \^.  HR, 
Vj,  and  f  stabilized  after  one  or  two 
attempts,  the  Borg  ratings  decreased 
with  successive  tests.  We  conclude 
that  the  Borg  scale  for  measuring 
breathlessness  shows  progressive 
decreases  with  repetition  whereas  Vq,, 
\fe,  HR,  Vj,  and  f  stabilize  after  one 
or  two  practice  attempts.  This  sug- 
gests that  desensitization  to  dyspnea 
may  play  a  role  in  the  improvement 
of  patients  after  exercise. 
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Editorials 


A  Learning  Opportunity— 
CRCb^  through  the  Journal 


It  is  safe  to  say  that  any  respiratory  care 
practitioner  who  has  been  away  from  fomial  training 
for  some  length  of  time,  practices  his  si<iils 
differently  than  when  his  professional  education  was 
still  in  progress.  Some  of  those  changes  can  be 
attributed  to  situational  factors,  but  most  can  be 
attributed  to  the  effects  of  continuing  education. 

When  CRCE  through  the Jounuil  was  introduced 
2  years  ago,  it  was  promoted  as  a  membership 
benefit.  It  offered  members  an  opportunity  to  earn 
6  hours  of  continuing  education  credit  if  they  scored 
70%  or  better  on  a  50-item  test.  The  test  itself  was 
based  on  papers  published  in  RESPIRATORY  CARE 
during  the  preceding  12  months.  The  objective  was 
to  reward  members  for  the  learning  that  took  place 
as  they  read  the  Journal. 

The  first  year  the  program  was  offered,  1,114 
readers  took  advantage  of  it.  Exactly  1,000  of  these 
answer  sheets  submitted  had  scores  of  70%  or  better. 
In  1990,  854  answer  sheets  were  sent  in  with  188 
participants  failing.  The  failure  rate  indicates  that 
this  is  not  a  simple  test.  The  questions  are 
challenging  but  fair.  The  substance  of  the  questions 
focuses  on  the  most  important  basic  concepts 
presented  in  each  paper.  The  idea  is  to  provide  adult 
learners  with  an  opportunity  to  read  carefully  and 
critically  and  to  recognize  they  are  doing  so. 

The  tremendous  opportunity  that  this  sort  of 
program  offers  cannot  be  overstated.  As  licensure 
spreads  across  the  country,  mandated  continuing 
education  will  bring  increased  pressure  on  practi- 
tioners to  pursue  continuing  education  opportunities 
to  meet  public  accountability  demands  established 
in  the  statutes.  C.RCE  through  thejounialis  available 
to  members  at  no  cost,  a  critical  issue  during  these 
times  of  budgetary  constraints. 

It  is  doubtful  that  practicing  respiratory  therapists 
have  taken  the  time  to  stop  and  analyze  their  learning 
style  to  determine  what  suits  them  best.  A  student 
is  rarely  given  the  opportunity  to  elect  a  learning 
strategy,  but  the  practitioner  has  that  luxury.  The 
assumption  that  learning  only  occurs  in  a  group 


setting  surrounded  by  your  peers  and  other  members 
of  the  health  care  team  is  erroneous.  Learning  occurs 
whenever  and  wherever  knowledge  is  gained  that 
leads  to  the  solution  of  a  problem. 

That  last  statement  may  seem  simplistic,  but  it  is 
too  frequently  dismissed  or  ignored.  The  opportunities 
to  learn  offered  to  readers  of  RESPIRATORY  Care 
by  participating  in  C.RCF.  through  the  Jounuil  \f,  a  case 
in  point.  This  continuing  education  opportunity  meets 
all  of  the  requisites  for  a  satisfactory  adult  learning 
experience.  The  information  gained  is  current  and 
pragmatic.  It  is  truly  .self-directed  in  nature.  The  self- 
motivation  of  the  practitioner  who  opts  to  participate 
in  the  activity  is  patently  evidenced.  The  program 
offers  no  obstacles  to  the  learner  attempting  to  obtain 
knowledge.  The  learner  picks  the  time  and  the  place 
to  study — only  constrained  by  a  submission  deadline 
and  not  by  financial  considerations. 

CRCE  through  the  Journal  is  not  a  panacea  by 
any  means.  As  health  care  professionals,  you  are 
all  skilled  at  problem  solving.  You  assess  a  problem, 
consider  the  options,  gather  more  information,  and 
make  a  decision.  When  going  through  this  process 
in  regard  to  meeting  your  continuing  education 
needs,  consider  the  opportunities  offered  through 
the  Journal.  Now  turn  to  Page  767  and  look  at  the 
questions.  Some,  derived  from  articles  you  have 
studied  carefully,  can  be  answered  immediately. 
Others  may  require  your  rereading  an  article  and 
searching  for  the  information  necessary  to  answer 
the  question. 

Robert  J  Czachowski  PhD 

Director  of  Education 
American  As.sociation  for  Respiratory  Care 

Dallas,  Texas 

Editor's  Note:  Not  all  states  accept  continuing  education  credit 
earned  through  self-directed  learning.  If  your  state  has 
licensure  and  has  a  continuing  education  requirement,  consult 
the  rules  and  regulations  of  your  state  to  determine  the 
acceptability  of  CRd:  lliiougli  tlir Jountiit. 
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American  Association  for  Respiratory  Care 
11030  Abies  Lane 
Dallas,   Texas   75229 

Dear  Journal  Readers: 

Allen  &  Hanburys  is  pleased  to  provide  you  with  the 
Proceedings  from  the  RESPIRATORY  CARE  1990  Journal 
Conference. 

We  hope  you  find  this  material  valuable  in  your  practice  of 
respiratory  care. 
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Disorders  of  Respiratory  Control  in  Infants 


Ann  R  Stark  MD 


The  recurrent  apnea  that  commonly  occurs  in 
premature  infants  is  a  disorder  of  respiratory  control. 
It  is  a  frequent  clinical  problem  and  may  be 
associated  with  morbidity.  Although  the  specific 
etiology  of  this  disorder  is  uncertain,  expanded 
knowledge  of  respiratory  control  and  its  develop- 
ment has  increased  our  understanding  of  factors  that 
contribute  to  recurrent  apnea  and  provides  the  basis 
for  a  rational  approach  to  therapy. 

An  apneic  episode,  or  spell,  is  usually  defined 
as  the  cessation  of  airflow  for  20  seconds  or  longer 
or  a  shorter  pause  in  airflow  that  is  accompanied 
by  bradycardia  (defined  in  the  newborn  as  a  heart 
rate  <  100  beats/min)  or  cyanosis.  In  a  study  of 
closely  monitored  infants  ranging  in  gestational  age 
from  26  to  35  weeks,'  the  interval  between  the  onset 
of  apnea  and  the  onset  of  bradycardia  was  about 
8  seconds,  although  heart  rate  reached  its  lowest 
value  about  29  seconds  after  the  onset  of  apnea. 
Transcutaneous  oxygen  tension  (PtcOz)  was  stable 
prior  to  the  onset  of  most  apneic  episodes.  PtcOj 
began  to  decline  soon  after  the  onset  of  apnea,  and 
continued  to  fall  for  an  average  of  26  seconds  after 
breathing  efforts  were  re-established.  Recovery  of 
PtcOj  to  baseline  levels  occurred  slowly,  taking 
nearly  2  minutes.  In  another  study,^  cerebral  blood- 
flow  velocity  measured  in  the  anterior  cerebral 
arteries  by  transcutaneous  Doppler  technique 
decreased  markedly  during  apnea  associated  with 


Dr  Stark  is  Associate  Professor  of  Pediatrics,  Harvard  Medical 
School,  and  Chief,  Neonatal  Intensive  Care  Service,  Children's 
Hospital — Boston,  Massachusetts. 

A  version  of  this  paper  was  presented  by  Dr  Stark  on  December 
14,  1990,  at  the  Respiratory  Care  Journal  Conference  on 
Respiratory  Care  of  Infants  and  Children  held  in  Cancan, 
Mexico. 

Reprints:  Ann  R  Stark  MD,  Joint  Program  in  Neonatology, 
Children's  Hospital,  300  Longwood  Ave,  Boston  MA  021 15. 


severe  bradycardia  (defined  as  heart  rate  <  80  beats/ 
min).  These  changes  in  cerebral  hemodynamics 
appear  to  reflect  the  observed  dccrca.scs  in  systemic 
blood  pressure  that  accompany  apneic  spells.  These 
findings  suggest  that  recurrent  apnea  may  result  in 
ischemic  brain  injury. 

Apneic  spells  occur  frequenfly  in  premature 
infants,  but  their  incidence  decreases  with  increasing 
gestational  age.  The  most  comprehensive  data 
available  on  the  incidence  and  duration  of  recurrent 
apnea  are  from  the  study  by  Henderson-Smart.^  In 
this  smdy,  records  of  more  than  25,000  infants  bom 
during  a  6-year  period  were  reviewed.  Of  these 
infants,  249  (1%)  had  recurrent  apnea,  defined  as 
3  or  more  apneic  episodes  of  >  20-second  duration. 
In  the  last  2  years  of  the  study,  incidence  of  apnea 
was  78%  at  26-27  weeks  gestation,  75%  at  28-29 
weeks  gestation,  54%  at  30-31  weeks  gestafion,  and 
7%  at  34-35  weeks  gestation.  These  data  likely 
underestimate  the  incidence  of  apnea  in  surviving 
infants  at  earlier  gestational  ages — in  our  expe- 
rience, nearly  all  infants  bom  before  26  weeks 
gestation  develop  recurrent  apnea.  In  contrast,  apnea 
rarely  occurs  in  infants  bom  at  term  (37-41  weeks 
gestation),  and  is  always  considered  abnormal  when 
it  does  occur.  In  these  mature  infants,  a  serious 
contributing  cause  of  the  apnea  is  usually  identified 
(such  as  severe  birth  asphyxia,  seizures,  intracranial 
hemorrhage,  or  medication-induced  respiratory 
depression).  Infants  who  fail  to  breathe  at  birth  in 
the  absence  of  drug  depression  or  asphyxia  generally 
have  irreversible  stmctural  abnormalities  of  the 
central  nervous  system.'* 

Apneic  spells  usually  begin  during  the  first  2  days 
of  life.^  If  they  do  not  begin  during  the  first  week 
of  life,  they  are  unlikely  to  occur  later  unless  illness 
develops.  In  preterm  infants  wiili  lung  disease,  apnea 
may  not  be  detected  until  mechanical  ventilation 
is  discontinued.  Apnea  can  persist  postnatally  for 
variable  amounts  of  time.  In  most  infants  (>  92% 
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Abbreviations  Used  in  This  Paper 

CPAP 

— Continuous  positive  airway  pressure 

PeICO, 

— End-tidal  carbon  dioxide  tension  (pressure) 

PicO, 

— Transcutaneous  oxygen  tension 

PSR 

— Pulmonary  stretch  receptors 

REM 

— Rapid  eye  movement 

SIDS 

— Suddcn-infant-death  syndrome 

tc 

—Duration  of  expiration 

^ 

— Duration  of  inspiration 

in  Henderson-Smart's  study^),  apneic  spells  cease 
by  37  weeks  postconccption. 

Mechanisms 

A  number  of  factors  can  contribute  to  the 
pathogenesis  of  apnea.^  These  factors  include 
immaturity,  influences  from  higher  centers,  neuro- 
modulators, mechanoreceptors,  reflexes  from  the 
upper  airway,  and  central  and  peripheral  chemore- 
ceptors  (Fig.  1).  These  factors  exert  influence  on  the 
central  pattern  generator,  the  part  of  the  medulla  in 
which  the  respiratory  neurons  thought  to  control 
rhythmic  breathing  are  located.  Our  knowledge  of 
how  these  influences  interact  to  result  in  breathing- 
control  disturbances  is  derived  from  clinical 
observations  of  factors  known  to  precipitate  the 
development  of  apnea,  studies  of  the  responses  of 
human  infants  to  a  number  of  respiratory  stimuli, 
and  extrapolations  from  the  results  of  invasive  studies 
in  animals.5 
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Fig.  1.  Factors  that  may  contribute  to  the  pathogenesis 
of  apnea  by  influencing  the  central  pattern  generator. 


Developmental  Immaturity 

Evidence  that  developmental  immaturity  contrib- 
utes to  the  pathogenesis  of  apnea  comes  from 
epidemiologic,  anatomic,  and  physiologic  observa- 
tions. Tlic  important  role  of  maturation  is  suggested 
by  the  high  prevalence  of  apnea  in  infants  bom  at 
low  gestational  ages.  With  increasing  gestational  age, 
the  likelihood  of  apnea  decreases.  The  immature  brain 
has  fewer  synaptic  connections,  fewer  dendritic 
arborizations,  and  poormyelination  compared  to  older 
infants.^  As  the  brain  matures  anatomically,  stability 
of  breathing  pattern  improves — suggesting  that  a 
relationship  exists  between  anatomic  development 
and  maturation  of  respiratory  control. 

Physiologic  evidence  also  exists  for  a  relationship 
between  clinical  apnea  and  brain-stem  neuronal 
function  in  infants.  Henderson-Smart  et  al*  observed 
that  brain-stem  conduction  times  of  auditory-evoked 
responses  decreased  with  advancing  postconcep- 
tional  ages  between  30  and  37  weeks.  In  addition, 
between  32  and  35  weeks,  infants  with  apnea  had 
longer  conduction  times  than  did  infants  without 
apnea.  These  findings  suggest  that  immaturity  of 
brain-stem  function  may  contribute  to  abnormal 
respiratory  control. 

Developmental  changes  in  breathing  patterns  may 
influence  the  duration  of  breathing  pauses. 
Regularly  occurring  oscillatory  cycles  of  waxing 
and  waning  ventilation  occur  in  sleeping  infants.^ 
Apnea  is  associated  with  the  minimum  phase  of 
these  cycles,  and  may  be  an  expression  of  instability 
of  the  respiratory  control  system.  Oscillatory 
patterns  of  breathing  have  been  observed  to  occur 
more  often  and  with  greater  amplitude  in  premature 
infants  than  in  full-term  infants.  The  longer  apneic 
episodes  observed  in  premature  infants  were  related 
to  longer  cycle  times  and  stronger  breathing  patterns. 

Neuromodulators 

A  variety  of  neuromodulators  have  been  identified 
that  influence  respiratory  control  in  tlie  newborn.* 
Tlie  role  of  these  neuromodulators  has  been  studied 
in  animal  preparations  by  direct  application  of  the 
substances  to  parts  of  the  brain;  an  effect  on 
ventilation  has  been  observed  lliat  may  be  blocked 
by  another  substance.  This  effect  has  been  observed 
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for  neuromodulators  that  inhibit  breathing  (such  as 
endorphins,  prostaglandins,  and  adenosine,  which 
are  blocked  by  naloxone,  indomethacin,  and 
theophylline,  respectively).  Substances  that  excite 
ventilation  (including  substance  P  and  other 
neuropeptides  such  as  thyrotropin-rclcasing  hor- 
mone) have  also  been  identified.  It  is  possible  that 
an  imbalance  between  excitatory  and  inhibitory 
neuromodulators  causes  respiratory  control  insta- 
bility in  newborn  infants. 

Sleep  State 

Changes  in  sleep  state  have  a  profound  influence 
on  breathing  in  the  newborn  infant.'  With  increasing 
physiologic  development,  sleep  states  become  more 
organized.  For  example,  rapid-eye-movement 
(REM)  and  non-REM  sleep  cannot  be  differentiated 
using  electroencephalographic  criteria  until  infants 
are  nearly  at  term.  In  premature  infants,  discrim- 
inating between  sleep  states  can  be  difficult. 
Behavioral  criteria  can  be  used  to  differentiate 
between  active  (REM)  and  quiet  sleep  at  about  32 
weeks  gestation.  Using  these  criteria,  premature 
infants  spend  up  to  65%  of  sleep  time  in  active 
sleep,  about  15%  in  undifferentiated  or  indetermi- 
nate sleep,  and  the  remainder  in  quiet  sleep.'"  A 
term  infant  spends  less  time  in  active  sleep. 
Breathing  during  active  sleep  tends  to  be  highly 
irregular  in  both  tidal  volume  and  frequency,  while 
breathing  during  quiet  sleep  is  more  regular.  Also, 
more  apnea  occurs  in  active  sleep  than  in  quiet  sleep. 

The  increased  frequency  of  apnea  during  active 
sleep  is  likely  the  result  of  central  neural  mech- 
anisms that  affect  the  central  pattern  generator.  In 
addition,  a  number  of  other  mechanisms  increase 
the  likelihood  of  apnea  in  premature  infants  during 
active  sleep.''  Intercostal  muscle  activity  is 
depressed  during  active  sleep,  resulting  in  paradox- 
ical movement  of  the  chest  wall  (during  inspiration 
the  rib  cage  moves  inward  and  the  abdomen 
expands).  Diaphragmatic  activity  increases  during 
REM  sleep  to  compensate  for  the  loss  of  the 
intercostal  muscle  contribution  to  ventilation. '^ 
Furthenmore,  a  substantial  proportion  of  diaphrag- 
matic work  is  expended  (wasted)  on  chest-wall 
distortion. '3  At  the  extreme,  this  may  lead  to 
diaphragm  fatigue. '^  An  increase  in  the  transdiaph- 


ragmatic pressure  gradient  results  in  greater  negative 
pharyngeal  pressure  during  inspiration.  This  may 
potentiate  collapse  of  the  upper  airway  and  result 
in  more  obstructive  apnea.  In  addition,  mechanisms 
to  maintain  end-expiratory  lung  volume  greater  than 
the  relaxation  volume  determined  by  opposing 
elastic  recoils  of  the  lungs  and  chest  wall  appear 
to  be  relatively  disabled  in  premature  infants  during 
active  sleep.'''  This  may  lead  to  increased  atelectasis 
and  decreased  oxygen  stores,  resulting  in  less 
reserve  in  the  face  of  apneic  spells. 

Mechanoreceptors 

Mechanoreceptors  in  the  lungs  and  chest  wall 
mediate  reflexes  that  relate  lung  volume  to 
respiratory  cycle  timing.  Of  particular  importance 
are  the  Hering-Breuer  reflexes,  through  which 
vagally  mediated  input  from  pulmonary  stretch 
receptors  (PSR)  acts  to  change  the  duration  of 
inspiration  (tj)  or  expiration  (tg)  in  response  to 
changes  in  lung  volume.  The  Hering-Breuer 
response  is  often  tested  by  measuring  the  duration 
of  an  inspiratory  effort  made  during  airway 
occlusion  at  end-expiration.  Because  no  increase 
in  lung  volume  occurs,  and  thus  no  stimulation  of 
PSR  activity  that  would  limit  tj,  the  ti  of  an  occluded 
effort  is  expected  to  be  longer  than  that  of  the 
preceding  control  breath.  This  may  be  expressed 
as  the  percent  prolongation. 

The  timing  response  to  total  occlusions  has  a 
developmental  pattern.  In  one  study  of  infants  who 
ranged  in  gestational  age  from  25  to  40  weeks, '^ 
percent  prolongation  increased  progressively  with 
increasing  gestational  age.  The  most  premature 
infants  often  shortened  the  duration  of  their  occluded 
inspiratory  efforts  rather  than  lengthening  the 
duration.  This  was  likely  the  result  of  other 
mechanoreflexes  that  acted  to  shorten  the  duration 
of  inspiration  in  response  to  inward  distortion  of 
the  rib  cage.'*  In  contrast,  the  relative  timing 
prolongation — to  smaller  decreases  in  tidal  volume 
induced  by  application  of  single-breath  mechanical 
loads — was  comparable  in  healthy  premature  infants 
and  term  infants  of  similar  postnatal  age.''' 

The  occlusion  response  has  also  been  compared 
in  premature  infants  with  and  without  apnea, 
matching  the  groups  for  gestational  (about  30  weeks) 
and  postnatal  age  (about  1  week).'^  Infants  with 
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apnea  exhibited  shorter  duration  of  inspiration  (with 
and  without  occlusion)  than  did  infanLs  without 
apnea.  Half  of  the  infants  in  the  apnea  group 
shortened  tj  in  response  to  occlusion,  so  that  the 
percent  prolongation  was  small  and  variable.  In  this 
study,  none  of  the  infants  without  apnea  shortened 
ti  with  occlusion.  This  suggests  that  irifants  without 
apnea  have  a  more  mature  respiratory-reflex 
response,  resulting  in  an  increased  ability  to 
compensate  for  occlusion. 

Respiratory  Muscle  Coordination 

Ineffective  breathing  may  result  from  impaired 
coordination  of  the  inspiratory  pump  muscles 
(diaphragm  and  intercostal  muscles)  and  the  muscles 
of  the  upper  airway  (larynx  and  pharynx).  Upper- 
airway  obstruction  plays  a  role  in  many  spontane- 
ously occurring  apneic  episodes  in  premature 
infants.  In  one  study, '^  about  55%  of  apneas  were 
identified  as  central,  in  which  both  diaphragm 
activity  and  airflow  ceased.  About  12%  of  apneas 
were  considered  obstructive  because  phasic 
diaphragm  activity  was  observed  in  the  absence  of 
airflow.  The  remaining  apneas  were  mixed,  with 
a  central  pause  preceding  or  being  followed  by 
obstructed  efforts.  Depressed  upper-airway  activity 
resulting  in  obstructive  apnea  may  also  be  related 
to  a  failure  of  central  rhylhmicity. 

A  developmental  effect  on  coordination  of  the 
upper- airway  and  pump  muscles  can  be  detected 
in  an  altered  sequence  of  activation  of  the  diaphragm 
and  the  laryngeal  abductor  muscle  (posterior 
cricoarytenoid,  PCA).  A  disruption  of  the  expected 
sequence  of  activity  has  been  observed  in  premature 
human  infants  and  to  a  lesser  extent  in  term  infants.^" 
This  type  of  disruption  appears  to  occur  more 
commonly  in  newborns  than  it  does  in  older 
animals. 2'  This  lack  of  coordination  of  the 
diaphragm  and  laryngeal  abductor  muscle  appears 
to  be  well  tolerated  in  healthy  premature  infants, 
but  may  contribute  to  decompensation  in  immature 
infants  with  increased  respiratory  demands  or 
decreased  respiratory  muscle  reserve. 

The  site  of  spontaneously  occurring  obstruction 
during  apnea  appears  to  be  the  pharynx.^^  Apneic 
spells  occur  more  frequently  when  premature  infants 
assume  a  position  in  which  the  neck  is  flexed, 


presumably  because  the  already  vulnerable  neonatal 
airway  becomes  more  narrow.23  The  genioglossus 
muscle  plays  a  role  in  maintaining  upper  airway 
patency.  If  the  activity  of  the  genioglossus  and  other 
upper-airway  muscles  is  decreased,  negative 
pressure  in  the  pharynx — generated  during  inspi- 
ration— may  cause  pharyngeal  collapse.  Activation 
of  the  genioglossus  muscle  has  been  observed  to 
occur  at  the  time  spontaneous  apnea  resolves.  ^'^ 

The  response  of  the  genioglossus  muscle  to 
airway  occlusion  may  be  different  in  premature 
infants  with  apnea  than  it  is  in  premature  infants 
without  apnea.  Although  genioglossus  electromyo- 
graphic activity  cannot  always  be  detected  during 
regular  breathing,  activity  can  often  be  evoked  by 
airway  occlusion.  Cauda  et  al^^  detected  genio- 
glossus activity  during  airway  occlusion  more 
frequently  in  infants  without  apnea  than  in  infants 
with  apnea. 

Laryngeal  Reflexes 

Reflexes  invoked  by  stimulation  of  the  pharynx 
or  larynx  may  contribute  to  the  development  of 
apnea.  Some  apneic  spells  may  be  part  of  an  upper- 
airway  protective  reflex  response  to  stimulation  of 
laryngeal  chemoreceptors  by  liquids  such  as  water, 
secretions,  or  milk — a  reflex  that  is  potent  in 
newborn  animals.^^  The  three  components  of  this 
response  are  swallowing,  airway  obstruction,  and 
central  apnea.  This  response  has  been  demonstrated 
after  infusion  of  a  small  bolus  of  saline  into  the 
pharynx  of  premature  infants.^^  The  same  pattern 
also  has  been  observed  during  spontaneously 
occurring  apneic  spells.  These  observations  suggest 
that  airway-protective  reflexes  mediated  by 
laryngeal  chemoreceptors  may  play  a  role  in  some 
apneic  spells. 

Chemoreceptors 

A  standard  technique  used  to  evaluate  the 
chemical  control  of  breathing  consists  of  measuring 
the  changes  in  ventilation  that  occur  in  response 
to  breathing  different  mixtures  of  carbon  dioxide 
or  oxygen.  Developmental  differences  have  been 
observed  in  the  ventilatory  responses  to  both 
hypercarbia  and  hypoxia. 
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Premature  infants  breathing  increased  levels  of 
CO2  have  been  observed  to  exhibit  increases  in  tidal 
volume  but  not  sustained  increases  in  respiratory 
frequency.  However,  premature  infants  may  exhibit 
variable  responses  to  CO2  breathing,  with  some 
showing  minimal  increases  in  ventilation.^^  in  one 
study,^°  premature  infants  (30  weeks  gestation)  with 
apnea  were  observed  to  have  both  a  substantially 
decreased  ventilatory  response  to  CO2  and  an 
increased  baseline  value  of  end-tidal  carbon  dioxide 
tension  (Petco2)  compared  to  infants  without  apnea. 
This  decreased  sensitivity  to  CO2  may  represent 
greater  central  immaturity  in  the  infants  with  apnea, 
although  decreased  respiratory  muscle  function  may 
also  play  a  role. 

The  response  of  newborn  infants  to  breathing  low 
concentrations  of  oxygen  is  also  different  from  the 
adult  response.31'32  Although  it  has  been  observed 
that  adults  respond  to  a  hypoxic  challenge  with 
hyperventilation,  premature  infants  respond  with  a 
brief  increase  in  ventilation,  followed  by  a 
subsequent  fall  to  levels  that  are  often  less  than 
the  resting  level  of  ventilation.  This  response  to 
hypoxia  is  generally  considered  to  result  from  initial 
chemoreceptor  stimulation  followed  by  hypoxic 
depression  of  the  respiratory  center.  After  2  to  3 
weeks  of  postnatal  development,  the  premature 


infant  can  sustain  a  hyperventilatory  response  to 
hypoxia  similar  to  that  of  the  older  infant.^i  It  is 
possible  that  the  development  of  apneic  spells  may 
be  partially  a  result  of  the  inability  of  premature 
infants  to  sustain  a  hyperventilatory  response  to 
hypoxia. 

Monitoring  and  Evaluation 

Because  of  the  high  incidence  of  apnea  in 
premature  infants,  all  infants  less  than  35  weeks 
gestational  age  should  be  monitored  for  at  least  the 
first  week  of  life."  Because  impedance  apnea 
monitors  do  not  always  distinguish  obstructed 
efforts  with  absent  airflow  from  normal  breaths,^^ 
heart  rate  should  be  monitored  in  addition  to  or 
instead  of  respiration.  Oxygen  saturation  monitoring 
may  be  of  additional  value. 

A  number  of  clinical  conditions  may  contribute 
to  the  development  of  apneic  spells  in  premature 
infants  (Table  1).  After  the  first  apneic  spell,  the 
infant  should  be  evaluated  to  determine  the 
underlying  cause.  Clinical  judgment  must  determine 
the  extent  of  the  evaluation.  Apnea  occurring  in 
the  term  or  near-tenn  infant  is  always  considered 
abnormal  and  is  usually  associated  with  a  serious 
identifiable  cause. 


Table  1.  Evaluation  of  an  Infant  with  Apnea 


Possible  Causes 


Associated  Signs 


Investigation 


Infection 

Metabolic  disorder 
Impaired  oxygenation 

Maternal  drugs 

Intracranial  pathology 

Environmental 

Gastroesophageal  reflux 


Lethargy,  respiratory  distress, 
temperature  instability 

Poor  feeding,  lethargy,  jitteriness 

Respiratory  distress,  tachypnea, 
cyanosis 

Maternal  history,  hypotonia, 
CNS  depression 

Abnormal  neurological  exam, 
seizures 

Lethargy 


Feeding  difficulty 


Complete  blood  count,  sepsis  evaluation 


Glucose,  calcium,  electrolyte  levels 

Oxygen  monitoring,  arterial  blood  gas, 
chest  radiograph 

Magnesium  level,  urine  screen  for  drugs 


Cranial  ultrasound 

Monitor  temperature  of  baby  and 
environment 

Specific  observation,  barium  swallow 
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Approaches  to  Treatment 

A  number  of  therapeutic  interventions  arc 
available  for  the  management  of  infants  with  apnea 
(Table  2).  If  an  underlying  cause  is  identified, 
specific  therapy  should  be  instituted.  For  example, 
if  intemiittent  hypoxemia  is  identified  by  transcu- 
taneous oxygen  monitoring  or  pulse  oximetry, 
supplemental  oxygen  should  be  provided  to  maintain 
an  adequate  oxygen  saturation  (>  90%).  In  addition, 
care  should  be  taken  to  avoid  triggering  reflexes 
that  may  result  in  apnea.  Thus,  oral  feeding  should 
be  avoided  and  pharyngeal  suctioning  should  be 
performed  with  care.  Similarly,  positions  of  extreme 
flexion  of  the  neck  should  be  avoided  to  minimize 
potentiation  of  airway  obstruction.  In  some  infants, 
lowering  the  environmental  temperature  to  the  low 
end  of  the  neutral-thcrmal-environment  range  may 
decrease  the  frequency  of  spells.^^ 

In  a  premature  infant  who  is  otherwise  healthy, 
sensory  stimulation  alone  (such  as  rubbing  the  feet) 


Table  2.  Treatment  Strategies  for  Infants  with  Apnea 


Treatment 


Rationale 


Treat  underlying 
cause  if  identified 

Tactile  stimulation 


Continuous  positive 
airway  pressure 

Theophylline 


Doxapram 


Transfusion 


Mechanical 

ventilation 


Removes  precipitating  factor 

Increases  respiratory  drive 
by  sensory  stimulation 

Reduces  mixed  and 
obstructive  apnea  by 
splinting  the  upper  airway 

Increases  respiratory  center 
output  and  CO2  response, 
enhances  diaphragm 
strength;  adenosine 
antagonist 

Stimulates  respiratory  center 
and  peripheral 
chemoreceptors 

Decreases  hypoxic 
depression  by  increasing 
oxygen  carrying  capacity 

Provides  support  when 
respiratory  effort  is 
inadequate 


may  be  sufficient  to  interrupt  an  apneic  spell.  Infants 
who  do  not  respond  to  tactile  stimulation  may 
require  resuscitation  with  bag-mask  ventilation.  In 
some  infants,  prophylactic  cutaneous  tactile 
stimulation  with  an  irregularly  oscillating  water  bed 
may  reduce  the  number  of  apneic  spells.  However, 
oscillating  water  beds  do  not  appear  to  reduce 
residual  apnea  in  infants  receiving  theophylline.^^ 

Continuous  positive  airway  pressure  (CPAP)  at 
2-5  cm  H2O,  administered  through  nasal  prongs, 
has  been  used  to  treat  apnea.^^  In  the  laboratory, 
CPAP  has  been  observed  to  decrease  obstructive 
and  mixed  but  not  central  apnea.^^  It  is  likely  that 
CPAP  prevents  obstruction  by  splinting  open  the 
upper  airway.  However,  the  additional  airway  care 
required  and  feeding  difficulties  frequently 
encountered  with  CPAP  may  limit  the  use  of  this 
modality. 

Pharmacologic  treatment  with  the  methylxan- 
thines  theophylline^^  and  caffeine'*^  has  been  shown 
to  reduce  the  number  of  apneic  spells.  Several 
possible  mechanisms  may  be  responsible  for  this 
effect  that  methylxanthines  exert.  Theophylline 
treatment  stimulates  respiratory  center  outpur"  and 
increases  the  ventilatory  response  to  C02,''^  possibly 
by  increasing  levels  of  cyclic  AMP  in  the  brain 
stem.  Theophylline  also  may  act  by  antagonizing 
the  action  of  adenosine ,''3  a  neuromodulator  that 
inhibits  breathing,  and  by  enhancing  the  strength 
of  diaphragmatic  contraction"^  (although  this  action 
has  not  been  demonstrated  in  premature  infants). 
Theophylline  also  has  been  observed  to  increase 
the  metabolic  rate;''^  therefore,  its  usefulness  may 
be  limited  in  low-birthweight  infants  with  nutritional 
problems. 

Apneic  infants  who  fail  to  respond  to  methyl- 
xanthine  treatment  may  respond  to  doxapram ,''6''''' 
which  stimulates  both  the  respiratory  center  and 
peripheral  chemoreceptors.  However,  the  usefulness 
of  doxapram  may  be  limited  because  of  its  toxic 
side  effects  (including  hypertension,  central- 
nervous-system  irritability,  and  seizures)  and 
because  of  the  need  for  continuous  intravenous 
infusion  of  the  drug. 

Blood  transfusion  to  correct  anemia  and  to 
increase  the  oxygen-carrying  capacity  of  the  blood 
has  been  a  traditional  component  of  treatment  for 
apnea  because  it  is  thought  to  decrease  tlie  potential 
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for  hypoxic  respiratory  center  depression.  Con- 
flicting results  have  come  from  studies  examining 
breathing-pattern  changes  in  resfX)nse  to  transfu- 
sions for  anemia  and  other  clinical  indications.  Two 
studies''*''^ demonstrated  decreases  in  the  occurrence 
of  periodic  breathing  and  short  apneas  following 
transfusion.  In  these  two  studies,  no  infants  had 
prolonged  apneas  (>  20  seconds)  before  or  after 
the  transfusions.  A  third  study^o  found  no  relation- 
ship between  a  wide  range  of  hematocrits  (19-64%) 
and  respiratory  rate,  heart  rate,  or  the  incidence  of 
apnea  or  bradycardia;  nor  was  blood  transfusion 
observed  to  have  a  predictable  effect  on  these 
variables.  In  view  of  these  conflicting  data,  the 
potential  benefits  and  associated  risks  of  transfusion 
must  be  weighed  carefully  for  each  individual  infant. 
In  some  infants  with  severe  or  frequent  apneic 
spells,  especially  very-Iow-birthweight  infants, 
apnea  may  persist  despite  pharmacologic  therapy. 
These  infants  require  mechanical  ventilation  until 
they  are  able  to  sustain  regular  breathing. 

Persistent  Apnea 

Although  in  most  infants  apneic  spells  cease  by 
35-36  weeks  postconceptional  age,  in  some  infants, 
especially  those  bom  very  prematurely,  apneic  spells 
persist  beyond  37-40  weeks  postconceptional  age. 
In  these  infants,  if  the  incidence  of  apneic  spells 
cannot  adequately  be  determined  using  the  standard 
monitors  available  in  the  newborn  intensive  care 
unit,  12  to  24-hour  recordings  of  impedance 
pneumography  and  electrocardiogram  (pneumo- 
grams)  may  be  indicated.  The  presence  of  apnea, 
bradycardia,  or  cardiac  arrhythmias  on  pneumogram 
recordings  does  not  predict  the  risk  of  subsequent 
sudden-infant-death  syndrome  (SIDS).^'  Also,  when 
pneumograms  were  obtained  in  preterm  infants  prior 
to  hospital  discharge,  periodic  breathing  was  a 
common  finding,  although  no  relationship  was 
found  between  long  central  apneas  (>  15  seconds) 
and  any  periodic  breathing  variable.^^  Furthermore, 
there  is  no  evidence  that  apnea  of  prematurity  is 
a  risk  factor  for  either  apnea  of  infancy  or  SIDS.^^ 

Infants  with  persistent  apnea  should  be  re -evaluated 
to  determine  the  etiology;  neurologic  problems, 
feeding  problems  such  as  reflux,  and  anatomic  causes 
of  airway  obstruction  should  be  considered. 


Reiastitution  of  theophylline  therapy  is  often  useful 
in  infants  whose  apnea  has  recurred  following 
discontinuation  of  theophylline  therapy.  Infants  with 
persistent  apnea  who  are  otherwise  ready  to  be 
discharged  from  the  hospital  may  benefit  from 
cardiorespiratory  monitoring  at  home,  although  few 
data  are  available  on  the  effectiveness  of  home 
monitoring  of  infants  for  this  puipose.^^ 

Conclusion 

Apnea  is  a  disorder  of  respiratory  control  that 
occurs  frequently  in  premature  infants  and  has 
potentially  serious  consequences.  Improved  under- 
standing of  the  influence  that  physiologic  devel- 
opment exerts  on  the  control  of  breathing  and  on 
disturbances  that  result  in  apneic  spells  will  lead 
to  improvements  in  therapy. 
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Stark  Discussion 

Jobe:  I'm  curious  about  your  very 
last  statement.  You  provide  home 
monitors  in  some  instances.  The 
implication  is  that  what  you're  really 
doing  is  providing  monitors  for 
someone  with  delayed  maturation  or 
apnea.  How  do  you  decide  when  to 
stop  the  monitoring? 
Stark:  I  think  that's  an  important 
problem.  Our  approach,  as  you've 
said,  is  to  reserve  home  monitoring 
for  babies  whose  breathing  stability 
is  delayed,  but  they're  feeding, 
they're  keeping  themselves  warm, 
and  they're  growing.  We're  just 
trying  to  get  them  home  sooner  from 
the  hospital.  It  really  requires  the  right 
kind  of  parental  environment  too.  If 
they  are  free  of  apnea  at  2  months 
of  age,  then  we  would  suggest  taking 
them  off  the  monitor. 
G'Rourke:  Ann.  there's  a  growing 
anesthesia  literature'-  that  addresses 
anesthesia/surgery  as  potential  stim- 
ulants for  apnea  in  premature  infants. 
The  most  commonly  studied  group 
are  those  infants  admitted  for  inguinal 
hernia  repair.  Some  of  these  infants 
with  a  history  of  prematurity  have 
been  reported  to  have  post-anesthesia 
apnea  up  to  the  age  of  60  post- 
conceptual  weeks.  These  infants 
require  cardiorespiratory  monitoring 
for  the  first  12-24  postoperative 
hours.  This  limits  day  surgery  proce- 
dures in  post-premature  infants  less 


than  52  weeks  post-conceptual  age  or 
any  infant  with  a  history  of  ongoing 
apnea. 

1 .  Steward  DJ.  Preterm  infants  are  more 
prone  to  complications  following 
minor  surgery  than  are  term  infants. 
Anesthesiology  1982:56:304-306. 

2.  Kurth  CD,  Spitzer  AR.  Broennle  AM. 
Downes  JJ.  Postoperative  apnea  in 
preterm  infants.  Anesthesiology 
1987:66:483-488. 

Stark:  You  are  right  about  that.  There 
is  a  high  incidence  of  respiratory 
abnormalities  associated  with  general 
anesthesia.  We  recommend  spinal 
anesthesia  in  those  infants,  to  avoid 
postoperative  apnea. 
Mathews:  I  was  interested  in  the  chart 
you  showed  that  included  the  EMGs. 
There's  been  some  adult  literature  in 
the  last  couple  of  years  suggesting  that 
spiking  activity  (ie.  increases  in  the 
power  frequency  spectrum)  may  be 
a  precursor  of  muscle  fatigue.'-  Has 
anyone  followed  up  on  this  in  infants? 


1.  Worth  H.  Electromyography  of  the 
respiratory  muscles.  Prax  Klin 
Pneumol  1988:42:817-819. 

2.  Repko  KD.  Greene  JG.  Enderle  JD. 
A  new  practical  method  to  delect 
respiratory  muscle  fatigue.  ISA  Trans 
1988;paper  #88-0204. 

Stark:  Are  you  talking  about  spiking 
activity  in  the  submental  or  in  another 
muscle? 


Mathews:  Sternocleidomastoid. 
Stark:  The  slide  that  I  showed  is  from 
Wally's  (Carlo)  data.  He  could 
comment  on  that  also.  SM  stands  for 
submental,  which  is  where  genio- 
glossus  muscle  is  recorded  from,  and 
the  other  EMG  is  from  the  diaphragm 
where  electrocardiogram  signal  con- 
taminates the  diaphragm  signal. 

Mathews:  They're  using  very  spe- 
cialized electrodes  and  frequency 
averaging  the  signals  to  remove 
cardiac  and  background  artifact, 
leaving  baseline  EMGs  from  the 
sternocleidomastoids. 

Stark:  What  they  do  is  look  at 
changes  in  the  EMG  frequency 
spectrum,  and  there  is  concern  that 
this  may  not  be  as  useful  as  thought 
initially. 

Bowers:  According  to  the  news  this 
morning,  a  study  being  released 
today — I  didn't  catch  the  name  of  the 
journal — shows  that  the  incidence  of 
SIDS  is  twice  as  great  during  the 
winter  compared  to  other  seasons. 
Does  anyone  have  any  comments  on 
that? 

Stark:  In  the  SIDS  risk-factor  study,' 
as  opposed  to  a  number  of  other 
studies  that  have  been  done  in  the 
past,- '  there  was  no  association  with 
colds.  The  idea  is  that  inflammation 
in  the  already  vulnerable  upper  airway 
would  contribute  to  apnea.  I  think  that 
the  seasonal  influence  is  thought  to 
be  infection  related. 
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1.  Hoffman  HJ.  Damus  K,  Hillnian  L. 
Krongrad  F..  Risk  factors  lor  SII^S. 
Ann  NY  Acad  Sci  1988:533:13-30. 

2.  Fedrick  J.  Sudden  unexpected  death 
in  infants  in  the  Oxford  record  liiik;ii:c 
area:  An  analysis  with  respect  to  time 
and  place.  Br  J  Prev  Soc  Med 
1973:27:2A-224. 

3.  Newman  NM.  The  epidemiology  of 
the  sudden  infant  death  syndrome  in 
Australia  with  particular  reference  to 
Tasmania.  1975-1981.  In:  Harper 
RM.  Hoffman  HJ.  eds.  Sudden  infant 
death  syndrome:  Risk  factors  and 
basic  mechanisms.  New  York:  PMA 
Puhlishing  Corp.  1988:53-71. 

O'Rourke:  Ann.  what  are  your 
thoughts  about  the  occurrence  of 
apnea  in  infants  with  respiratory 
syncytial  virus  (RSV)  infections? 
Stark:  That's  a  difficult  question.  It's 
something  that  has  been  observed  a 
lot.  Whether  there  is  some  central 
influence  that  is  related  to  the 
infection  or  whether  it  is  all  an  upper- 
airway-related  thing.  I  don't  know.  It 
could  also  be  borderline  hypoxemia. 
Do  >ou  have  any  thoughts  on  it? 
O'Rourke:  No  specific  answers  but 
a  few  observations.  The  children  who 
do  present  with  apnea  associated  with 


RSV  infection  usually  present  prior  to 
the  progression  of  lower-airway 
disease  and  hypoxemia.  Many  are 
intubated  for  apnea  ami  theti  1 2  to  48 
hours  later  de\elop  the  radiographic 
and  clinical  picture  of  RSV.  I've  never 
been  able  to  buy  the  hypothesis  thai 
the  apnea  was  caused  by  hypoxemia 
or  upper-airway  obstruction. 
(ireen:  As  the  evidence  against 
pneumograms  has  mounted,  specifi- 
call\  that  they  have  no  predictive 
value,  many  places  have  stopped 
doing  them  or  are  doing  fewer.  Some 
centers  have  started  adding  other 
channels  to  their  studies.  Would  you 
care  to  comment  on  the  utility  of 
adding  other  channels? 
Fanaroff:  It  increases  the  si/e  of  the 
wallet! 

Stark:  I  think  that  comment 
appropriately  stands!  I  know  of  no 
studies  that  indicate  in  any  way  that 
those  other  channels  would  increase 
predictive  value. 

Green:  I  think  this  is  an  unfortunate 
area  of  clinical  medicine.  We  perform 
studies  in  great  numbers  without 
looking  carefully  at  changes  in 
outcome. 
Stark:  Right,  I  agree! 


Koff:  One  study  I  saw  recently  was 
related  to  smoking  and  lowered 
hematocrit.'  What  struck  me  was 
something  that  comes  to  mind  over 
and  over  again — a  lot  of  titue  I  think 
we  get  caught  up  in  what's  going  on 
in  our  ICU.  all  of  the  high-tech  things 
that  we  have,  and  sometimes  lose 
sight  of  the  bigger  picture,  which 
might  be  the  relationship  of  what 
we're  coming  in  with  or  what  these 
kids  are  going  home  to.  And  I  think 
smoking  is  one  of  the  issues  that 
sometimes  we  don't  give  enough 
thought  to. 

1 .  Bulterys  MG,  Greenland  S,  Kraus  JF. 
Chronic  fetal  hypoxia  and  sudden 
infant  death  syndrome:  Interaction 
between  maternal  smoking  and  low 
hematocrit  during  pregnancy.  Pediat- 
rics 1990:86:535-540. 

Stark:  Well.  I  think  you're  right!  We 
try  to  make  a  point  of  asking  parents 
to  avoid  smoking  and  not  exposing 
children — with  chronic  lung  disease, 
for  example — to  that  kind  of  a  home 
environment.  I  think  from  a  public- 
health  standpoint  we  should  do  that 
for  everybody. 
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P  Pearl  O'Rourke  MD 


Introduction 

Extracorporeal  membrane  oxygenation  (ECMO) 
is  a  form  of  partial  cardiopulmonary  bypass  (CPB) 
used  for  long-term  support  of  respiratory  and/or 
cardiac  function.  The  technology  has  directly 
evolved  from  CPB  circuits  developed  for  cardiac 
surgery.  The  earliest  CPB  system  used  bubble 
oxygenators,  characterized  by  a  direct  interface 
between  blood  and  gas,  but  these  oxygenators 
caused  hemolysis  and  hence  limited  prolonged 
exposure.'  The  development  and  introduction  of 
membrane  oxygenators  with  a  physical  separation 
of  the  blood  and  gas  phases  minimized  the  problem 
of  hemolysis  and  made  long-term  support  possible. ^ 

In  1972,  HiU  reported  the  first  successful  ECMO 
support  of  an  adult  with  acute  respiratory  failure 
(ARE). 3  A  number  of  other  reports  quickly 
followed.''-^  Although  the  overall  survival  for  these 
patients  was  low,  individual  cases  were  dramatic 
successes,  and  ECMO  was  enthusiastically  endorsed 
in  some  centers.  In  response  to  this  enthusiasm, 
a  multicentered  study  sponsored  by  the  NIH 
evaluated  the  benefit  of  ECMO  compared  to 
conventional  support  of  patients  with  ARE.  The 
results  of  this  study  surprised  many  by  demon- 
strating no  difference  between  the  two  therapies: 
Survival  with  ECMO  was  9.5%,  survival  with 
conventional  therapy  8.3%.^ 
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Although  the  NIH  study  essentially  terminated 
the  use  of  ECMO  in  adults,  critics  suggested  that 
the  study  design  biased  the  results  by  selecting 
patients  with  potentially  endstage  irreversible  lung 
disease.  These  critics  felt  that  ECMO  could  be 
beneficial  if  applied  to  patients  with  reversible 
disease.  Neonates  with  hypoxemia  and  hypercarbia 
secondary  to  persistent  pulmonary  hypertension  of 
the  newborn  (PPHN)  were  selected  as  one  potential 
group:  ECMO  would  improve  survival  if  gas 
exchange  could  be  supported  until  the  pulmonary 
vascular  bed  relaxed.  The  first  successful  application 
of  neonatal  ECMO  was  reported  in  1975  by  Bartlctt.'' 
According  to  the  Registry  of  the  Extracorporeal  Life 
Support  Organization  (ELSO),  74  neonatal  ECMO 
programs  are  in  operation,  with  experience  in  the 
support  of  more  than  4,000  full-term  infants  with 
severe  respiratory  failure  (unpublished  report,  ELSO 
Registry,  October  1990). 

The  ECMO  Circuit 

Most  neonatal  ECMO  is  venoarterial  (VA)  (Fig. 
1).  A  12-  or  14-Fr,  multiholcd  drainage  catheter 
is  placed  under  direct  vision  into  the  right  internal 
jugular  vein  and  advanced  to  the  right  atrium.  Blood 
flows  from  the  baby  by  gravity  into  the  ECMO 
circuit.  The  first  component  part  of  the  circuit  is 
a  bladder  that  adds  capacitance  to  the  system  and 
provides  an  access  site  for  sampling  and  blood  and 
drug  administration.  From  the  bladder,  blood  is 
pumped  into  the  oxygenator.  Occlusive,  nonpulsatile 
rollerhead  pumps  are  most  commonly  used, 
although  there  is  a  growing  experience  with 
centrifugal  pumps.  A  variety  of  oxygenators  are 
available,  but  the  Sci-Med  membrane  oxygenator 
(Life  Systems,  Plymouth  MN)  is  probably  most 
commonly  used.  Oxygenators  are  available  in 
different  sizes  graded  by  the  amount  of  blood  flow 
and  gas  exchange  each  can  accommodate.  The 
oxygenator  itself  is  a  silicone  envelopx;  wrapped 
around  a  hollow  spool  and  fitted  into  a  polyethylene 


RESPIRATORY  CARE  •  JULY  '91  Vol  36  No  7 


683 


EXTRACORPOREAL  MEMBRANE  OXYGENATION 


Abbreviations  Used  in  This  Paper 

ARDS 

—  Adult  respiratory  distress 

syndrome 

ARF 

—  Acute  respiratory  failure 

CMV 

—  Conventional  mechanical 

ventilation 

CPB 

—  Cardiopulmonary  bypass 

ECCO2R 

—  Extracorporeal  carbon  dioxide 

removal 

ECMO 

—  Extracorporeal  membrane 

oxygenation 

ELSO 

—  Extracorporeal  Life  Support 

Organization 

FlQ. 

—  Fractional  concentration  of 

inspired  oxygen 

HFOV 

—  High-frequency  oscillatory 

ventilation 

IRV 

—  Inverse-ratio  ventilation 

IVH 

—  Intraventricular  hemorrhage 

MAP 

—  Mean  airway  pressure 

MSOF 

—  Multisystem  organ  failure 

01 

—  Oxygenation  index 

Pao. 

—  Partial  pressure  of  arterial  oxygen 

PaCO, 

—  Partial  pressure  of  arterial  carbon 

dioxide 

PPHN 

—  Persistent  pulmonary  hypertension 

of  the  newborn 

VA 

—  Venoarterial 

VV 

—  Venovenous 

sleeve.  Gas  flows  in  one  direction  inside  the 
envelope,  and  blood  flows  countercurrently  (ie,  in 
the  opposite  direction)  on  the  outside  of  the 
envelope.  The  sweep  gas,  which  delivers  oxygen 
and  washes  out  carbon  dioxide  (CO2),  is  modified 
to  achieve  normoxia  and  normocarbia.  The  usual 
oxygen  concentration  of  the  sweep  gas  is  between 
40%  and  60%,  and  1-5%  carbon  dioxide  is  added 
to  maintain  normocarbia.  After  traversing  the 
oxygenator,  blood  passes  through  a  heat  exchanger 
and  then  back  into  the  patient  through  an  8-  to  10- 
Fr  catheter  with  a  single  endhole  placed  in  the  right 
common  carotid  artery  and  advanced  into  the 
ascending  aorta.  The  volume  of  the  circuit  may  vary 
slightly,  but  is  in  the  range  of  500-600  mL.  The 
circuit  is  first  primed  with  crystalloid  solution  and 
then  with  blood  that  has  been  corrected  for  pH  and 
electrolyte  concentrations.  The  entire  circuit  (and 


hence  the  baby)  is  heparinized  to  an  activated 
clotting  time  (ACT)  of  210-240  seconds,  which  is 
approximately  twice  normal. 


Right 

Internal  jugular 


Right 

common  carotid 

Ascending  oorta 


Membrane 
oxygenator 


Bladder 


Pump 


VaJjJLJL        ®B5 


Fig.  1.  Diagram  showing  components  of  and  direction  of 
blood  flow  in  venoarterial  ECMO  circuit. 


The  ECMO  Process 

During  the  time  the  infant  is  on  ECMO,  the  native 
lungs  do  not  participate  in  gas  exchange.  The 
ventilator  is  set  at  'rest'  settings  (ie,  room  air,  4 
brcalhs/min,  with  a  peak  inspiratory  pressure  of  20 
cm  H2O  and  PEEP  5  cm  HjO).  The  required  ECMO 
fiow  averages  100  mL/kg/min,  which  can  be  33%- 
80%  of  the  baby's  cardiac  output.  The  flows 
maintained  in  any  particular  baby  are  chosen  to 
support  adequate  gas  exchange  and  mean  arterial 
pressure.  During  ECMO,  the  goal  for  Pa02  is  60- 
100  torr,  and  for  Paco2  30-45  torr.  Hypocarbia  is 
not  attempted. 
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The  duration  of  ECMO  support  is  a  function  of 
the  underlying  disease.  An  analysis  of  ELSO  records 
shows  that  neonates  with  meconium  aspiration  are 
supported  for  3  to  6  days,  those  with  congenital 
diaphragmatic  hernia  7  to  12  days.The  decision  to 
wean  from  ECMO  is  made  when  the  lung 
compliance  and  radiographic  status  improve.  The 
ECMO  flow  is  slowly  decreased  while  the  infant's 
ability  to  support  gas  exchange  is  tested.  When  the 
infant  can  demonstrate  acceptable  levels  of  gas 
exchange  with  conventional  support,  the  ECMO 
catheters  are  removed,  and  routine  conventional 
ventilatory  support  is  continued. 

Neonatal  ECMO  Experience 

ECMO  patient  data  have  been  collected  since 
1981  in  a  registry  based  at  the  University  of 
Michigan  and  supported  by  ELSO.  Although  patient 
reporting  is  voluntary,  it  is  estimated  that  at  least 
95%  of  the  cases  in  the  U.S.  are  captured  in  this 
registry.  As  of  September  1990,  the  registry  had 
nearly  4,000  cases  (Table  1).  These  are  aU  neonates 
who  had  met  institutional  criteria  for  at  least  80% 
predicted  mortality.  The  overall  survival  for  these 
neonates  with  ECMO  is  83%.  Meconium  aspiration 
syndrome  is  the  most  common  diagnosis  and 
certainly  the  most  successfully  treated,  with  a  93% 


survival  rate.  Congenital  diaphragmatic  hernia  has 
the  lowest  survival  rate  (62%)  probably  as  a 
consequence  of  the  associated  pulmonary  hypo- 
plasia.*'° 

The  general  criteria  for  selecting  neonatal  patients 
for  ECMO  include  at  least  35  completed  weeks  of 
gestation  and  a  predicted  mortality  of  80%  or 
greater.  Infants  are  excluded  if  they  have  a 
significant  pre-existing  intraventricular  hemorrhage 
(IVH).  Most  centers  will  accept  an  infant  with  a 
Grade  1  IVH;  a  few  centers  will  accept  infants  with 
a  Grade  2  IVH.  Infants  are  also  excluded  if  their 
hypoxemia  is  secondary  to  congenital  heart  disease 
or  if  they  have  other  anomalies  precluding 
reasonable  survival. 

The  biggest  problem  in  patient  selection  has  been 
establishing  the  validity  of  indicators  for  predicted 
mortality.  The  criteria  used  at  the  present  time  were 
formulated  from  retrospective  chart  reviews  of 
infants  with  PPHN.!'-"*  The  indicators  use  some 
measurement  of  oxygenation.  Alveolar-to-arterial 
oxygen  differences,  alveolar-to-arterial  oxygen 
ratios,  and  Pa02S  have  been  used;  however,  the 
oxygenation  index  (01)  is  the  most  commonly  used 
predictor: 


Ol  = 


(Fiop(MAP) 
PaO, 


Table  1.  Cumulative  Record  of  Survival  and  Demise  in 
Neonates  Treated  with  ECMO,  according  to  the 
Neonatal  ELSO  Registry,  October  1990 


Diagnosis 


Survived  Died         Total 


Meconium  aspiration 
syndrome  1,468(93%)      114    (7%)     1,582 

Congenital  diaphragmatic 
hernia  444(61%)      287(39%)        731 

Respiratory  distress 
syndrome  520(83%)      105(17%)        625 

Persistent  pulmonary 
hypertension  of  the 
newborn  487(87%)       76(13%)        563 

Sepsis  or  pneumonia  390(76%)      124(24%)        514 

Other  151(74%)       54(26%)        205 

TOTAL  3,460(82%)     760(18%)     4,220 


where  MAP  is  mean  airway  pressure.  An  80% 
predicted  mortality  is  identified  at  various  centers 
by  an  01  ranging  from  0.40-0.55.  It  is  important 
that  every  center  determine  which  predictor  is  most 
accurate  in  its  own  institution.  Despite  best  efforts, 
historical  control  data  provide  a  number  of  problems 
and  inaccuracies.  Historical  data  evaluate  the  care 
given  during  the  prescribed  time,  and  the  data's 
relevance  to  current  management  is  questionable. 
A  few  studies'5.16  have  retrospectively  and  pro- 
spectively evaluated  the  predicted  mortality  criteria. 
Although  the  criteria  were  accurate  retrospectively, 
the  true  mortality  determined  prospectively  was  as 
low  as  17%  in  one  study. '^ 

The  results  of  these  studies  obviously  raise  a 
number  of  questions.  How  much  has  conventional 
mechanical  ventilation  (CMV)  changed  in  the  5  to 
7  years  since  these  retrospective  reviews  were 
completed?  How  much  institutional  difference  exists 
in  CMV?  The  answers  to  these  questions  are  elusive. 
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Most  ECMO  centers  used  1981  to  1984  populations 
as  llicir  control  group.  Although  some  clinicians 
state  that  routine  therapy  has  changed  dramatically 
since  that  time,  others  do  not  appreciate  perceptible 
alterations.  The  main  change  that  is  reported  by 
some  is  a  progression  toward  'gentle,'  less 
aggressive  ventilator  management.  The  mainstay  of 
conventional  management  of  PPHN  has  been  to 
maximize  pulmonary  vasodilation  via  hyperoxia  and 
induced  respiratory  and  metabolic  alkalosis. '"'••* 
However,  this  approach  carries  the  physiologic  cost 
of  exposing  the  infant's  lungs  to  100%  oxygen  and 
potentially  to  elevated  airway  pressures.  Some  feel 
that  not  only  does  this  approach  inflict  significant 
damage  to  the  lungs  but  also  carries  no  clearly 
proven  bencfit.'^'^o  These  clinicians  suggest  the  use 
of  low  airway  pressures  and  low  oxygen  concen- 
trations to  maintain  'just  adequate'  arterial  blood 
gases:  Pa02  50-60  torr,  Pacoj  <  60  torr.  Wung  et 
al,2'  from  Columbia  University,  have  been  the  most 
vocal  proponents  of  this  gentle  therapy.  In  1986, 
they  reported  90%  survival  without  the  use  of 
ECMO  in  term  neonates  with  severe  respiratory 
failure.  In  addition,  they  also  suggest  that  their 
method  of  ventilation  results  in  a  much  lower 
incidence  of  bronchopulmonary  dysplasia.  Although 
the  numbers  reported  are  small,  these  reports  do 
dramatically  demonstrate  the  heterogeneity  of  CMV 
and  the  difficulty  of  inter-institutional  comparisons. 
In  addition  to  gentle  ventilation,  high-frequency 
ventilation  is  also  being  used  as  an  adjunct  to 
respiratory  management.  Carter  et  al^^  have  reported 
their  high-frequency  oscillatory  ventilation  (HFOV) 
experience  in  neonates  with  severe  respiratory 
failure  who  were  referred  to  their  institution  for 
ECMO.  These  infants  were  first  offered  HFOV,  and 
only  offered  ECMO  if  they  failed  to  improve  with 
HFOV.  Of  46  patients  placed  on  HFOV,  21  survived 
with  HFOV  alone  and  25  had  to  be  placed  on  ECMO. 
Of  the  25  placed  on  ECMO,  22  survived.  Carter 
et  al  found  that  infants  with  pneumonia  responded 
well  to  HFOV;  whereas,  infants  with  meconium 
aspiration  syndrome  and  sepsis  usually  failed  HFOV 
and  required  ECMO.  In  general,  it  was  thought  that 
infants  who  had  heterogeneous  lung  disease  or 
cardiova-scular  compromise  as  part  of  their  disease 
did  not  do  well  with  HFOV.  This  study  is  important 
in  that  it  demonstrates  that  ECMO  does  not  preclude 


investigation  of  other  therapies;  in  fact,  it  may 
facilitate  clinical  trials  in  this  patient  population. 

Two  prospective  randomized  studies  have  been 
designed  to  overcome  the  limitations  and  criticisms 
of  historical  control  populations  and  changing  CMV. 
The  first  by  Bartlett  et  al^^  compared  ECMO  to 
conventional  management  in  patients  with  an  80% 
predicted  mortality.  The  study  design  utilized  'play- 
the-winncr'  randomization,  which  resulted  in  1 
patient's  receiving  conventional  management  and 
11  ECMO.  All  ECMO  patients  survived;  the 
conventionally  treated  patient  died.  This  study  was 
published  in  support  of  ECMO  but  was  accompanied 
by  much  criticism. ^'i 

A  second  study,  by  my  group,^^  again  compared 
ECMO  and  conventional  therapy.  This  study  used 
an  adaptive  design.  The  first  stage  of  50:50 
randomization  was  followed  by  a  second  non- 
randomized stage  with  all  patients  receiving  the 
'better'  therapy.  Of  the  10  patients  supported 
conventionally,  6  survived;  of  the  29  patients  who 
received  ECMO,  28  survived.  This  study  supported 
the  efficacy  of  ECMO,  but  like  the  Bartlett  study 
has  been  criticized  for  study  design.^^'^'' 

The  state  of  the  art  for  ECMO  can  be  summarized 
as  consisting  of  a  large,  successful  patient  exper- 
ience compared  to  historical  controls  and  two  well- 
criticized,  prospective,  randomized  studies.  Despite 
the  discussed  limitations,  ECMO  has  become 
standard  of  care  as  verified  by  the  growth  of  ECMO 
centers  and  the  increase  in  the  number  of  patients. 

ECMO  Complications  and  Risks 

The  complications  and  risks  of  ECMO  must  also 
be  considered.  The  obvious  risks  associated  with 
the  procedure  are  ligation  and  cannulation  of  the 
right  common  carotid  artery  and  right  internal 
jugular  vein,  heparinizalion  and  exposure  to  blood 
products,  and  risk  associated  with  being  sick  enough 
to  meet  entry  criteria.  In  addition,  virtually  any 
procedural  catastrophe  can  occur:  An  ECMO 
specialist  is  at  the  bedside  24  hours  a  day  to  monitor 
and  maintain  the  circuit  in  the  attempt  to  minimize 
these  complications. 

The  primary  clinical  expression  of  these  technical 
complications  includes  infarction  and/or  hemor- 
rhage. The  specific  concern  is  central   nervous 
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system  (CNS)  injury.  Reports  from  the  ELSO 
registry  suggest  that  11-30%  of  ECMO-treated 
infants  suffer  some  degree  of  CNS  injury  that  may 
result  in  anything  from  subtle  to  devastating  damage. 
The  neurologic  follow-up  is  limited  to  reports 
from  individual  institutions.  Towne  et  aP**  published 
one  of  the  first  reports  from  the  early  ECMO 
experience  at  the  University  of  California-Irvine. 
Of  the  18  patients  evaluated  at  1  to  14  years,  13 
(72%)  had  normal  growth  and  development,  3  (17%) 
had  moderate  neurologic  deficit,  and  2(11%)  were 
severely  injured.  More  recent  patient  experience  has 
been  reported  from  Children's  Hospital  National 
Medical  Center  (CHNMC),  the  University  of 
Virginia,  and  the  University  of  Michigan.  CHNMC 
studied  42  consecutive  patients^^  with  psychomotor 
tests,  cranial  ultrasound,  and  computerized  tomo- 
graphy, of  whom  25  (59%)  had  normal  neurologic 
examinations,  9  (21%)  were  delayed,  and  8  (20%) 
had  suspicious  results  but  were  not  delayed. 
Krummel  and  colleagues^"  evaluated  6  patients  and 
reported  5  (83%)  normal  at  1  to  3  years  after  ECMO. 
Andrews  et  al^'  reported  the  follow-up  of  their  first 
14  survivors,  9  (64%)  of  whom  had  normal  motor 
development  and  10  (71%)  had  normal  mental 
ability. 

A  major  problem  of  neurologic  assessment  is  the 
fact  that  the  ECMO  population  is  still  quite  young. 
It  will  be  important  to  crifically  evaluate  these 
children  as  they  mature  and  reach  school  age.  A 
second  problem  of  ECMO  follow-up  is  the  lack 
of  a  control  group  for  comparison.  Perhaps  the  best 
control  group  will  be  those  infants  referred  to  as 
'near-miss'  neonates — those  who  were  referred  for 
ECMO  but  did  not  meet  ECMO  criteria  and  survived 
with  CMV. 

At  present,  the  rate  of  acute  complications  is 
considered  acceptable;  however,  the  chronic 
complication  rate  requires  evaluation. 

The  Future  of  ECMO 

Where  are  we  going  with  ECMO?  The  future 
of  ECMO  includes  new  pafient  populations  and  new 
technology.  The  goal  of  technologic  advances  is 
to  provide  safer  more  effective  support,  and 
obviously  as  ECMO  becomes  'safer,'  its  application 
will  expand. 


Virtually  any  part  of  the  ECMO  circuit  and 
procedure  deserves  critical  review.  New  catheters 
for  VA  ECMO,  new  pumps  such  as  centrifugal 
pumps,  and  better  heat  exchangers  are  all  being 
evaluated.  But,  of  greatest  importance  is  the 
development  of  a  venovenous  ECMO  technique  and 
a  heparinlcss  circuit. 

Heparinization  and  clot  formation  have  been 
considered  major  risks  of  ECMO.  The  best  theoretic 
approach  would  be  to  selectively  heparinize  the 
circuit  and  not  the  baby.  At  present,  the  only  feasible 
way  to  do  tliis  is  by  bonding  heparin  to  the  internal 
surface  of  the  circuit.  This  has  been  long  discussed 
and  is  now  being  clinically  evaluated.^^ 

The  need  to  cannulate  and  ligate  the  right  common 
carotid  artery  also  introduces  major  risk.  A  few 
centers  are  attempting  carotid  repair  at  the  end  of 
the  ECMO  run  to  re-establish  normal  circulation.33.34 
Although  this  seems  appropriate,  concern  persists 
about  potential  complications  of  stenosis,  throm- 
bosis, and  embolization  after  the  procedure.  Long- 
term  follow-up  will  be  required  before  carotid  repair 
is  generally  endorsed. 

Venovenous  (VV)  ECMO  provides  a  different 
answer.  In  VV  ECMO,  blood  is  drained  from  and 
returned  to  the  right  side  of  the  circulation. 
Obviously,  this  provides  only  pulmonary  support 
without  cardiac  support.  VV  ECMO  can  be  done 
with  either  a  single-  or  a  double-catheter  system. 
In  the  double-catheter  system,  one  catheter  is  used 
for  drainage  and  the  other  for  retum.35.36  This  has 
been  tried  in  neonates  with  the  outflow  catheter 
placed  in  the  right  atrium  via  the  right  internal 
jugular  vein  and  the  return  catheter  in  the  femoral 
vein.  The  right  atrium  is  usually  selected  for  the 
outflow  in  order  to  maximize  flows.  But,  unfor- 
tunately, with  this  system,  recirculation  occurs  when 
some  of  the  oxygenated  blood  returned  via  the 
femoral  vein  is  captured  by  the  outflow  catheter 
and  recirculated  through  the  ECMO  circuit. 

Various  types  of  single-catheter  VV  ECMO  have 
been  tested.  The  most  promising  is  a  double-lumen 
catheter  that  allows  continual  outflow  through  a 
proximal  port  and  inflow  through  a  distal  port.^^ 
Despite  the  two  ports,  some  recirculation  occurs, 
and  the  infant  is  not  as  well  oxygenated  as  with 
VA  ECMO.  Another  single-catheter  system  uses 
a  single-lumen  catheter.  Similar  to  dialysis  systems. 
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separate  infusion  and  outflow  times  arc  controlled 
by  a  tidal  flow  system. ^^'^^ 

In  all  types  of  V  V  ECMO,  the  oxygenation  cannot 
be  maintained  as  high  as  with  VA  ECMO.  The 
infant's  lungs  may  have  to  be  used  to  augment  gas 
exchange,  which  sometimes  precludes  total  lung 
rest. 

An  extreme  example  of  VV  ECMO  is  extracor- 
poreal CO2  removal  (ECCO2R).  In  ECCO2R, 
oxygenation  and  ventilation  are  uncoupled.  CO2 
removal  (ventilation)  is  accomplished  via  VV 
ECMO  using  both  femoral  veins.  Because  of  the 
solubility  and  diffusion  properties  of  CO2,  relatively 
low  ECMO  flows  can  maintain  a  normal  CO2.  The 
native  lungs  are  used  for  oxygenation.  A  catheter 
advanced  to  the  carina  provides  continuous  flow 
of  100%  oxygen.  In  addition,  low-frequency 
positive-pressure  ventilation  is  delivered.  The  use 
of  this  method  has  been  reported  in  adult  patients 
by  Gallinoni  et  al  from  Milan.''°  In  their  uncontrolled 
study,  48.8%  of  patients  with  a  90%  predicted 
mortality  from  ARF  survived  with  this  therapy.  Not 
enough  evidence  exists  to  suggest  that  ECCO2R  has 
improved  patient  survival,  but  because  ECCO2R 
docs  not  require  arterial  cannulalion,  it  certainly 
is  a  safer  method  of  support  and  may  well  open 
the  door  for  the  earlier  use  of  ECMO  in  patients 
with  ARF. 

Even  as  these  changes  in  technology  are  refined, 
new  ECMO  populations  are  being  considered. 

Premature  infants  have  been  identified  as  one 
potential  group.  The  only  experience'"  with 
premature  infants  occurred  very  early  in  the  history 
of  ECMO,  and  yielded  dismal  results  secondary  to 
the  complications  of  fatal  CNS  hemorrhage. 
However,  basic  neonatal  VA  ECMO  has  improved 
since  this  early  experience,  and  some  investigators 
suggest  Phase  I  trials  to  re-evaluate  ECMO  in 
premature  infants. 

The  use  of  ECMO  for  non-neonatal  pediatric 
patients  is  more  immediately  realistic  and  has 
become  a  rapidly  growing  field.  ECMO  is  presently 
being  used  in  some  centers  in  children  for  pulmonary 
as  well  as  cardiac  support.  Each  of  these  indications 
will  be  discussed  separately. 

According  to  ELSO  records  (September  1990), 
approximately  140  pediatric  patients  have  been 
supported  with  ECMO  for  acute  respiratory  failure 


with  a  42.3%  survival  rate.  These  patients  differ 
from  neonates  in  terms  of  inclusion  and  exclusion 
criteria  for  ECMO.  The  heterogeneity  of  patient  age, 
development,  and  etiologies  of  disease  makes 
selection  more  difficult  in  the  pediatric  patient. 

ARF  in  the  older  child  is  caused  by  a  number 
of  diseases,  which,  although  different,  may  share 
some  common  pulmonary  pathophysiology.  Unlike 
PPHN,  many  of  the  pediatric  diseases  are  associated 
with  direct  air-space  diseases  with  necrotizing 
alveolitis  and  deposition  of  fibrin.''2.''3  in  addition, 
most  older  children  are  exp)osed  to  longer  periods 
of  conventional  ventilatory  support  before  meeting 
criteria  for  CMV  failure.  As  a  result,  the  older  child 
has  a  much  higher  probability  of  iatrogenic  injury 
from  elevated  airway  pressure  and/or  high  oxygen 
concentrations.  In  addition,  the  natural  history  of 
various  diseases  may  be  different.  Although  many 
common  final  pathways  may  exist,  can  injury  from 
hydrocarbon  ingestion  be  compared  to  injury  from 
viral  pneumonia  or  injury  from  near-drowning? 

Another  important  issue  is  the  cause  of  death 
in  older  children  with  ARF — specifically.  Is  death 
caused  by  inadequate  gas  exchange?  Studies  of  adult 
patients  with  adult  respiratory  distress  syndrome 
(ARDS)  show  that  less  than  20%  of  these  patients 
die  from  their  respiratory  failure.'''''''^  The  majority 
die  from  multisystem  organ  failure  (MSOF),  and 
mortality  is  particulariy  elevated  in  the  presence 
of  sepsis  and/or  malignancy.  Similar  studies  in 
pediatrics  are  scant,  but  the  existing  evidence 
supports  the  same  conclusion."^^^  This  is  in  sharp 
contrast  to  neonates  who  succumb  to  hypoxemia. 
Therefore,  in  the  older  child,  can  maintenance  of 
gas  exchange  change  the  natural  history  of  the 
disease?  Should  ECMO  be  offered  earlier — before 
MSOF  occurs?  Or,  should  MSOF  be  a  contrain- 
dication for  ECMO? 

The  age  of  the  child  may  also  have  an  impact 
on  outcome.  It  is  well  recognized  that  the  lungs 
undergo  growth  and  remodeling  in  the  first  years 
of  life. ''9  These  changes  are  most  dramatic  in  the 
first  months  of  life,  but  continue  until  approximately 
6  or  8  years  of  age.  This  relative  plasticity  of  the 
lungs  may  influence  the  child's  ability  to  heal. 
Equivalent  injuries  to  a  10-month-old  lung  and  a 
10-year-old  lung  may  have  significantly  different 
prognoses.  Hence,  hard  and  fast  rules  for  pediatric 
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patient  selection  will  be  exceedingly  difficult  to 
formulate.  The  heterogeneity  of  the  population  and 
the  relatively  small  numbers  in  any  one  institution 
will  require  a  multi-institutional  approach. 

Concern  exists  about  the  use  of  the  carotid  artery 
in  the  older  child.  As  a  result,  VV  ECMO  using 
both  double-  and  single-catheter  systems  and 
ECCO2R  are  being  evaluated.  Identification  of  the 
most  beneficial  and  safest  ECMO  support  for  the 
older  child  requires  more  experimentation  and 
experience.  It  is  possible  that  venoarterial  cannu- 
lation  will  remain  the  gold  standard  but,  perhaps, 
with  utilization  of  a  different  artery  such  as  the 
axillary  or  subclavian. 

The  risks  of  ECMO  in  the  older  patient  are  similar 
to  those  in  the  neonate.  Although  there  is  anecdotal 
evidence  that  the  older  child  has  more  hemorrhagic 
complications  with  pulmonary  and  cannulation-site 
bleeding,  there  appear  to  be  fewer  CNS  hemorrhagic 
complications  (unpublished  report,  ELSO  Registry, 
September  1990). 

At  this  time  (1991),  the  state  of  the  art  for  pediatric 
pulmonary  ECMO  is  uncertain.  While  ECMO  is 
being  offered  more  frequently,  the  paucity  of 
reported  data  and  the  lack  of  comparative  studies 
make  patient  selection  difficult.  One  prospecfive, 
randomized,  adult  study  is  in  progress.  Patients  with 
an  80%  predicted  mortality  are  randomized  into  one 
of  the  following  three  treatment  groups:  CMV, 
ECCO2R,  or  inverse-ratio  ventilation  (IRV). 
Preliminary  results  have  failed  to  demonstrate  any 
differences,  and  the  true  mortality  has  been  lower 
than  the  predicted  mortality  in  the  CMV  group.^" 
Although  it  appears  that  ECMO  has  a  role  in  the 
treatment  and  support  of  children  with  ARE,  the 
importance  of  selecfing  patients  with  reversible 
disease  is  paramount.  No  one  is  interested  in 
repeating  the  adult  experience.  We  must  avoid  the 
risk  of  prolonging  dying. 

Interest  in  VA  ECMO  for  cardiac  support  has 
partially  emanated  from  frustrafion  with  the  use  of 
more  routine  invasive  cardiac-assist  devices  in  the 
small  child. 

At  present,  190  children  have  been  supported  with 
ECMO  for  cardiovascular  failure,  and  the  survival 
rate  is  43%  (unpublished  report,  ELSO  Registry, 
September  1990).  The  majority  of  these  children 
had  cardiac  dysfunction  that  was  temporally  related 


to  corrective  surgery  for  congenital  heart  disease 
or  traasplantation.  The  selection  of  these  patients 
requires  close  involvement  of  the  cardiac  surgeon 
to  ascertain  the  adequacy  of  anatomic  correction 
or  palliation.  If  children  have  inoperable  disease, 
they  should  not  be  offered  ECMO.  In  a  smaller 
group  with  failure  associated  with  myocarditis  or 
myocardiopathy,  ECMO  was  used  as  a  bridge  to 
transplantation. 

A  number  of  observations  of  the  postoperative 
experience  have  been  made.  Essentially  two 
subpopulations  exist  depending  on  when  ECMO  was 
offered.  Children  who  were  placed  on  ECMO  either 
in  the  operating  room  or  within  the  first  6  hours 
after  surgery  have  had  an  extremely  high  rate  of 
hemorrhage  and  subsequent  mortality. 5'.52  Conver- 
sely, if  the  indication  for  ECMO  was  progressive 
cardiovascular  failure  appearing  hours  after  surgery, 
a  better  survival  with  fewer  bleeding  complications 
was  seen.53  This  may  reflect  the  fact  that  those 
children  who  require  ECMO  in  the  first  postop- 
erative hours  have  more  significant  myocardial 
dysfunction  or  it  may  emphasize  the  importance 
of  allowing  time  for  hcmostasis  prior  to  systemic 
heparinization.  Some  clinicians  feel  that  this 
experience  suggests  that  ECMO  should  only  be 
offered  to  those  pafients  who  have  some  postop- 
erative period  of  hemostasis. 

The  exact  clinical  criteria  for  cardiac-support 
ECMO  are  uncertain.  Most  centers  use  a  combi- 
nation of  indicators  of  end-organ  perfusion  as  weU 
as  a  measure  of  the  level  of  support.  For  example, 
inadequate  urine  output,  elevated  bilirubin  or 
prothrombin  time,  and  metabolic  acidosis  are  all 
used  as  indicators  of  inadequate  perfusion.  The 
numbers  and  doses  of  inotropic  and  vasoactive  drugs 
required  are  also  considered  in  conjunction  with 
values  of  the  mean  arterial  pressure,  central-venous 
pressure,  mixed-venous  oxygen  saturation,  and 
cardiac  output. 

A  number  of  technical  concerns  exist  with 
cardiac-support  ECMO.  Obviously  only  VA  ECMO 
provides  cardiac  support.  Cannulation  sites  for  VA 
ECMO  have  been  discussed.  The  right  internal 
jugular  vein  and  right  common  carotid  artery  are 
most  commonly  used,  but  some  clinicians  feel  that 
better  venous  drainage  can  be  achieved  by  direct 
intrathoracic  cannula  placement.  The  main  problem 
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with  ihis  approach  is  that  thoracotomy  is  required 
for  catheter  placement  and  removal  and  lor  any 
intercurrent  problems  (ic,  bleeding  or  the  need  for 
repositioning).^''  A  second  potential  problem  is  the 
return  of  blood  to  the  ascending  aorta,  which  can 
produce  an  increased  afterload  for  the  left  ventricle. 
Although  catheter  placement  to  decompress  the  left 
ventricle  has  been  rcportcd,^^  this  too  would  require 
a  thoracotomy. 

Summary 

ECMO  is  a  relatively  young  technology  that  has 
recently  achieved  recognition  after  cariy  clinical 
disappointment  in  the  late  1970s.  At  present,  it  is 
considered  standard  therapy  for  the  full-term  infant 
with  PPHN  who  fails  CMV,  and  extraordinary, 
experimental  therapy  for  older  children  and  adults 
with  ARF  and/or  cardiac  failure. 

The  ECMO  experience  in  the  United  States  has 
been  characterized  by  inter-institutional  coopera- 
tion. From  the  very  beginning,  cases  have  been 
collected  and  entered  into  the  National  Registry. 
This  registry  is  now  sponsored  by  the  Extracor- 
poreal Life  Support  Organization  (ELSO),  which 
is  a  consortium  of  health  providers  and  members 
of  industry  who  are  involved  in  extracorporeal 
support.  One  of  the  main  goals  of  ELSO  is  to  foster 
a  collegial  and  cooperative  spirit  within  the  ECMO 
community.5^  This  organization  fully  recognizes  the 
importance  and  strength  of  multi-institutional  coop- 
eration and  participation  and  realizes  that  evaluation 
of  any  new  technology  is  best  done  with  a 
multicentered  approach. 

ECMO  is  an  extremely  technical  form  of  support 
with  a  number  of  inherent  risks.  The  growth  of 
ECMO  requires  ongoing  critical  assessment  as  weU 
as  constant  evaluation  of  CMV  and  research  for 
a  better  understanding  of  the  diseases  we  attempt 
to  treat. 
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O'Rourke  Discussion 

Carlo:  You  have  emphasized  how 
difficult  it  is  to  predict  mortality.  It 
seems  to  me  that  studies  should  be 
done  in  which  criteria  for  lower 
mortality  are  used. 

O'Rourke:  The  basic  difficulty  of 
any  further  studies  is  our  inability  to 
accurately  predict  mortality.  Having 
been  the  "envelope  opener"  for  the 
Boston  randomized  study,'  I  was 
sobered  by  our  lack  of  ability  to 
prospectively  distinguish  survivors 
and  nonsurvivors.  (There  were  a  few 
infants  who  I  was  certain  would  die 
before  randomization,  these  infants 
were  ultimately  randomized  to  con- 
ventional therapy  and  survived.)  The 
problem  of  inaccurate  mortality 
prediction  will  be  a  recurring  problem 
with  any  future  studies  unless  we 
allow  a  conventional  therapy  arm  with 
no  bailout  to  ECMO,  accepting  death 
as  one  outcome. 

1 .  O'Rourke  PP.  Crone  RK,  Vacanti  JP, 
etal.  Extracorporeal  membrane  oxyge- 
nation and  conventional  medical 
therapy  in  neonates  with  persistent 
pulmonary  hypertension  of  the  new- 
born: A  prospective  randomized  study. 
Pediatrics  1989;84:957-963. 

Carlo:  Yes,  I  agree  with  you  it's 
difficult.   Wc  can't  just   use  the 


historical  80%  derived  from  the  work 
of  Short  and  Pearson  and  Nicks  and 
Bartlett  (using  the  A-aD02  and 
oxygenation  index)''^  because  neon- 
atal care  has  improved  since  then. 


1.  Short  BL,  Pearson  GD.  Neonatal 
ECMO:  A  review.  J  Intensive  Care 
Med  1986;1:47-54. 

2.  Nicks  JJ,  Bartlett  RH.  Extracorporeal 
membrane  oxygenation.  In:  Carlo 
WA,  Chatbum  RL,  eds.  Neonatal 
respiratory  care.  2nd  ed.  Chicago: 
Year  Book  Medical  Publishers, 
1988:394-408. 


O'Rourke:  The  Dworetz  et  al  study 
from  Yale  used  the  Short 
(Washington  DC)  criteria  as  well  as 
the  oxygenation  index;  rather  than  an 
80%  mortality,  they  found  a  true 
mortality  as  low  as  17%.' 

1.  Dworetz  AR,  Moya  FR,  Sabo  B,  et 
al.  Survival  of  infants  with  persistent 
pulmonary  hypertension  without 
extracorporeal  membrane  oxygena- 
tion. Pediatrics  1989;84:1-6. 

Carlo:  That's  right,  and  that  might 
well  be  the  real  mortality. 
O'Rourke:  In  many  ways  ECMO 
expands  our  ability  to  rc-cxamine  our 
routine  support.  Conventional  care 
and  monitoring  have  changed  dram- 


atically in  the  past  5  to  10  years.  In 
addition  to  these  advances,  it  is 
recognized  that  there  is  a  lot  of 
institutional  bias  for  conventional 
care.  In  short,  there  is  no  one 
acceptable  method  of  caring  for  these 
infants.  This  has  recently  been 
demonstrated  by  the  reports  from 
Columbia  University  where  Jen 
Wung  et  al'  have  described  their 
"gentle"  ventilatory  support  of 
infants  with  PPHN  (persistent  pulmo- 
nary hypertension  of  the  newborn). 
They  avoid  the  use  of  muscle  relax- 
ants and  elevated  airway  pressures, 
and  do  not  try  to  maintain  systemic 
alkalosis  and  hyperoxia.  With  this 
"gentle"  approach,  the  survival  rate 
for  PPHN  appears  to  be  higher  than 
with  the  more  usual  "aggressive" 
approach  to  gas  exchange.  ELSO 
(Extracorporeal  Life  Support  Organ- 
ization) has  submitted  a  grant  to 
support  a  study  in  which  "gentle" 
and  "aggressive"  ventilation  could 
be  compared:  This  study  would  use 
ECMO  as  the  "bailout"  for  failures 
on  either  limb  of  this  study.  This  is 
just  one  example  of  how  ECMO  can 
hopefully  be  used  to  investigate  other 
modes  of  therapy  and  support. 

1.  Wung  JT,  James  LS,  Kilchevsky  E, 
James  E.  Management  of  infants  with 
severe  respiratory  failure  and  persist- 
ence of  the  fet;il  circulation  without 
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hyperventilation.   Pediatrics    1985; 
76:488-494. 

Martin:  I  would  imagine  there  must 
be  quite  a  few  ways  of  doing  the 
procedure — is  there  not  a  real  risk 
here? 

O'Rourke:  Yes,  there  are  presently 
about  76  ECMO  centers  in  the  United 
States  and  further  growth  is  likely. 
This  growth  of  ECMO  centers  must 
be  critically  examined,  in  that  there 
is  the  potential  for  too  many  centers. 
The  reason  for  this  concern  is  that 
a  minimum  number  of  cases  should 
be  done  at  each  center  annually  in 
order  to  maintain  the  skills  of  the 
ECMO  team.  The  exact  number  of 
cases  is  difficult  to  identify,  but  ELSO 
has  formulated  guidelines  for  ECMO 
center  criteria  and  have  stated  that  at 
least  12  cases  per  year  are  needed. 
Martin:  Even  that  is  not  a  lot  of  cases. 
O'Rourke:  No,  I  do  not  think  that 
12  cases  per  year  is  too  high. 
Although  this  is  a  suggested  guide- 
line, it  is  impossible  to  police.  There 
is  no  licensure  for  ECMO  and  no 
organization  willing  to  accept  this 
responsibility.  We  are  presently 
discussing  this  issue  with  the  Amer- 
ican Academy  of  Pediatrics  (AAP). 

But,  we  must  recognize  the  pres- 
sures that  this  places  on  every  ECMO 
team/center.  Not  only  is  there  the  need 
to  maintain  skills,  but  there  are  also 
financial  issues.  An  ECMO  service 
is  expensive  to  set  up — eg,  equip- 
ment, u^aining.  Most  hospital  admin- 
istrators will  expect  their  ECMO 
programs  to  be  financially  accoun- 
table and  certainly  not  to  lose  money. 
Therefore,  the  ECMO  leadership 
must  decide  whether  or  not  the 
creation  of  and  continuation  of  a 
program  is  medically  as  well  as 
financially  feasible. 
Hazinski:  Pearl,  you  and  your  group 
are  really  to  be  congratulated  for 
demonstrating  the  effectiveness  of 
this  technique.  I  want  to  disagree  with 
Wally  (Carlo)  a  little  bit.  I  think  you 
can't  study  ECMO  in  truly  random- 


ized U-ials,  but  ECMO  ought  to  be 
used  as  itie  "rescue  therapy"  for 
patients  who  fail  maximum  medical 
therapy.  Randomized  trials  must  be 
performed,  hov/ever,  to  figure  out  the 
proper  therapy  for  neonatal  hypoxic 
respiratory  failure.  I  think  it's  a 
mistake  to  cross  them  over,  and  I  think 
we  made  a  mistake  on  the  HEFI  trial.' 
We  thought  it  was  the  ethical  thing 
to  do  when  in  fact  it  turned  out  to 
confound  the  results.  But,  anyway,  I 
wanted  to  ask  you  this.  In  your  study^ 
you  withheld  information  from  the 
parents  that  in  fact  their  infants  were 
participating  in  a  randomized  trial.  As 
I  understand  it,  you  randomized  them 
and  then  you  went  to  the  parents  to 
get  consent  for  only  one  treatment. 
You  never  mentioned  the  fact  that 
they  had  been  randomized — so  that 
you  were  put  in  the  position  of  not 
having  to  mention  the  null  hypothesis 
or  the  uncertainty  of  the  efficacy  of 
the  intervention. 

1.  Rigatlo  H,  Davi  M,  Frantz  ID  m,  et 
al.  The  HIFI  Study  Group.  High- 
frequency  oscillatory  ventilation 
compared  with  conventional  mechan- 
ical ventilation  in  the  treatment  of 
respiratory  failure  in  preterm  infants. 
N  Engl  J  Med  1989;320:88-93. 

2.  O'  Rourke  PP,  Crone  RK,  Vacanti  JP. 
et  al.  Extracorporeal  membrane 
oxygenation  and  conventional  med- 
ical therapy  in  neonates  with  per- 
sistent pulmonary  hypertension  of  the 
newborn:  A  prospective  randomized 
study.  Pediatrics  1989;84:957-963. 

O'Rourke:  Yes,  we  used  the  Zelcn 
approach'  in  which  you  randomize 
prior  to  seeking  consent.  The  group 
that  is  continued  on  routine  therapy 
does  not  know  that  they  are  in  a  study, 
and  consent  is  only  obtained  from  the 
group  receiving  the  experimental 
therapy.  This  approach  has  been  used 
in  previous  studies  and  was  accepted 
by  our  IRBs  (institutional  review 
boards)  after  many  hours  of  discus- 
sion and  soul  searching.  Despite  these 
discussions,  the   study   has  been 


severely  criticized  in  both  medical 
and  lay  press. 

Aside  from  the  issue  of  getting 
consent,  there  is  a  major  problem  with 
any  study  that  allows  death  as  an 
endpoint  without  a  bailout  clause. 
This   is  only   possible  if  there  is 
institutional  equipoise  regarding  the 
two  therapies  proposed — this  means 
that  you  simply  do  not  know  which 
is   the  better  therapy.   If  there  is 
institutional  equipoise,  but  a  lack  of 
personal  equipoise,  then  this  becomes 
problematic  for  the  members  of  the 
study  group. 

Although  most  ECMO  programs 
are  started  as  clinical  programs,  there 
is  a  lot  of  interest  in  using  ECMO 
as  a  research  tool.  In  fact,  ECMO 
research  has  improved  markedly  in 
the  past  five  years. 

I  think  most  ECMO  programs  are 
started  with  the  premise  that  neonatal 
ECMO  will  be  replaced  by  the 
discovery  of  the  perfect  specific 
pulmonary  vasodilator.  We  should 
use  our  experience  with  ECMO  to 
better  study  and  understand  the  basic 
pathophysiology  that  is  occurring  in 
these  infants.  Hence,  for  obvious 
reasons  the  pulmonary  vascular  bed 
is  of  utmost  interest.  In  addition  there 
is  research  aimed  at  better  under- 
standing the  physiologic  cost  of 
ECMO  in  terms  of  the  loss  of  pulsatile 
fiow  and  perfusion  to  the  brain  and 
and  coronaries. 

1.    Zelen  M.  A  new  design  for  random- 
ized clinical  trials.  N  Engl  J  Med 

1979;300:1242-1245. 

Carlo:  I  want  to  strongly  disagree 
with  Tom's  (Hazinski)  comments.  I 
think  there  is  a  lot  of  room  for  vcry- 
well-designed  studies.  We  might  be 
starting  ECMO  too  late.  Maybe  we 
should  start  doing  ECMO  earlier.  The 
only  way  we  are  going  to  find  out 
is  if  we  design  good  studies  that 
answer  these  questions.  But,  I 
strongly  disagree  with  Tom's  com- 
ments, and  we  do  not  have  to  let 
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patients  die  if  wc  do  such  a  study. 
That  doesn't  have  to  be  the  outcome 
of  conventional  therapy. 
Rodriguez:  What  do  you  think  is  the 
role  of  the  respiratory  care  practi- 
tioner in  the  administration  of 
ECMO? 

O'Rourke:  Most  programs  are  run 
with  RNs,  but  they  can  be  run  with 
any  medically  trained  personnel  who 
understand  cardiopulmonary  perfu- 
sion, gas  exchange,  and  equipment. 
When  I  was  in  Boston,  we  started  our 
program  exclusively  using  RCPs,  and 
in  Seattle  we  have  a  combined 
program  with  RNs  and  RCPs.  There 
are  advantages  to  combining  the  two 
specialties — each  brings  a  different 
expertise.  Nursing  as  a  rule  is  quite 
focused  on  guidelines  and  protocols, 
which  are  absolutely  necessary  for  a 
safe  and  successful  program.  Nursing 
also  adds  the  knowledge  of  total 
patient  care.  RCPs  generally  have 
more  mechanical  expertise  and  have 
an  easy  time  interfacing  with  the 
circuit.  In  addition,  in  my  experience, 
RCPs  tend  to  be  a  bit  more 
"cowboy,"   which   can  add   new 


creative  innovations.  In  short,  I  think 
that  the  best  team  includes  both  RNs 
and  RCPs. 

Despite  my  thoughts,  RCPs  doing 
ECMO  are  a  true  minority.  This 
organization  should  support  the 
ECMO-RCP  population  and  work 
toward  formal  liaison  wilJi  ELSO. 
Fanaroff:  Just  to  fill  in  on  the 
reconstruction  that  was  started  by  our 
thoracic  surgeon,  Mike  Speclor — 
criteria  for  reconstruction:  no  hemor- 
rhage at  site  of  the  insertion  of  the 
catheter  and  no  signs  of  infection. 
They've  done  about  25  now  with 
follow-up  magnetic  resonance  angi- 
ography. This  has  shown  that  the 
vessels  are  intact,  there's  re- 
establishmcnt  of  circulation,  and 
there's  no  evidence  of  infarction  on 
the  side  of  the  reanastomosis.  There's 
only  one  vessel  that  shows  stenosis 
(and  that  stenosis  was  present  from 
early  on).  So,  I  think  this  has  been 
very  encouraging.  I'd  like  to  also  add 
my  plea  to  that  of  Tom  Hazinski  that 
there  be  more  basic  science  studies 
carried  out  on  ECMO.  And  I  think 
with  the  lung  at  rest,  that  we  should 


be  doing  a  lot  more  investigation  of 
the  biochemistry  of  lung  injury. 
Salyer:  I  have  two  short  questions: 
(1)  What  do  you  think  the  minimal 
educational  requirements  should  be 
for  respiratory  therapists  participating 
in  ECMO?  (2)  Could  you  speak 
briefly  about  the  costs  of  the  training? 
O'Rourke:  ELSO  is  completing 
training  modules  and  trying  to  provide 
some  idea  of  the  amount  of  study, 
laboratory,  and  bedside  experience 
that's  necessary,  from  which  we  can 
estimate  training  costs. 
Salyer:  Do  you  have  certified  respi- 
ratory therapy  technicians  in  your 
ECMO  program? 

O'Rourke:  Yes.  In  terms  of  treatment 
costs — the  cost  varies  tremendously 
by  center.  Most  centers  charge 
separately  for  surgical  costs  and 
physician  costs.  Ignoring  physician 
costs,  the  cost  to  run  an  ECMO  is 
in  the  range  of  $1,000  to  $2,400  per 
day.  ECMO  in  many  places  has  been 
found  to  be  cheaper  than  conventional 
therapy  because  the  ECMO  infants 
may  wean  from  mechanical  ventila- 
tion earlier. 


694 


RESPIRATORY  CARE  •  JULY  '91  Vol  36  No  7 


The  Role  of  Surfaclant  Therapy  in 
Neonatal  Respiratoiy  Distress 

Alan  HJobe  MD  PhD 


Rationale  for  Surfactant  Administration 
Physiologic  Abnormalities  in  RDS 

Infants  with  respiratory  distress  syndrome  (RDS) 
have  an  increased  work  of  breathing  because  of 
their  attempts  to  inflate  atelectatic  and  stiff  lungs 
(decreased  compliance)  to  maintain  adequate  Po: 
and  acceptable  Pco:  levels.'  Long,  gasping  efforts 
and  high-pressure  inspiratory  efforts  result  in  small 
tidal  volumes.  At  the  same  time,  the  lungs  empty 
rapidly  to  lung  volumes  below  a  physiologic  func- 
tional residual  capacity  (FRC).  The  atelectasis  con- 
tributes to  increased  pulmonary  vascular  resistance 
that  promotes  or  aggravates  right-to-left  shunt.  The 
result  is  severe  hypoxia  that  can  be  corrected  only 
partly  by  increasing  the  oxygen  content  of  the  in- 
spired gases. 

These  physiologic  abnormalities  are  ac- 
companied by  a  number  of  pathologic  findings  that 
reveal  how  the  preterm  surfactant-deficient  lung  is 
injured  as  a  result  of  either  spontaneous  or  mechan- 
ical ventilation.  The  lungs  of  infants  who  died  of 
RDS  soon  after  birth  in  the  era  before  the  advent  of 
mechanical  ventilators  had  severe  atelectasis  of  al- 
veolar units  with  the  development  of  bronchiolar 
epithelial  disruptions  after  just  a  short  period  of 
spontaneous  breathing.  This  bronchiolar  epithelial 
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damage  has  been  termed  "bronchiolar  epithelial  le- 
sions" by  Robert.son.-  With  mechanical  ventilation 
and  more  prolonged  survival,  hyaline  membranes 
and  alveolar  edema  became  more  prominent  as  did 
marked  distortion  and  dilation  of  distal  airways. 
The  hallmarks  of  lung  injury  in  RDS  lungs  then  are 
atelectasis,  small  airway  epithelial  damage,  and 
pulmonary  edema.'  Now  that  surfactant  treatments 
for  infants  with  RDS  are  available,  it  is  u.seful  to 
examine  the  experimental  and  clinical  results  with 
surfactant  treatments  to  see  how  effectively  such 
treatments  can  reverse  the  major  physiologic  and 
pathologic  abnormalities  in  RDS. 

Surfactant  Fool  Size  and  Function 

Measurements  of  alveolar  surfactant-pool  size  in 
infants  with  RDS,  are  similar  to  values  reported  for 
animal  models  of  RDS' '  (Table  I ).  Infants  with 
RDS  have  much  less  surfactant  than  do  term  an- 
imals. In  preterm  animals,  the  quantity  of  sur- 
factant correlates  directly  with  the  severity  of  the 
respiratory  failure;'''  yet,  in  animals  with  moderate 
respiratory  failure,  the  size  of  the  surfactant  pool  is 
similar  to  the  size  of  the  pool  found  in  the  adult 
when  expressed  as  quantity  per  kilogram  of  body 
weight.  The  explanation  for  this  paradox  is  in  the 
abnormal  function  of  surfactant  within  the  preterm 
lung. 

Samples  of  air-space  liquid  from  infants  with 
RDS  have  abnormal  surface  pi^operties  when  tested 
in  vitro.  However,  surfactant  with  good  function 
can  be  recovered  from  such  samples  by  a  simple 
centrifugation  procedure  that  separates  the  large 
surface-active  aggregates  from  soluble  inactivators 
in  the  air-space  liquid.**  No  evidence  suggests  that 
surfactant  in  the  pretemi  infant  is  functionally  ab- 
normal relative  to  that  of  the  adult  if  inhibitory  ac- 
tivity is  removed.  This  issue  of  abnormal  surfactant 
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Abbreviations  Used  in  This  Paper 

BPD 

—  Broni.hi)pu!nionary  dysplasia 

FRC 

—  Functional  residual  capacity 

Po. 

—  Partial  pressure  of  oxygen 

Pco: 

—  Partial  pressure  of  carbon  dioxide 

PIP 

—  Peak  inspiratory  pressure 

RDS 

—  Respiratory  distress  syndrome 

FlO: 

—  Fractional  concentration  of  inspired  oxygen 

function  is  critical  to  an  understanding  of  the  lung 
abnonnalities  of  infants  with  RDS  in  relation  to 
surfactant  treatments.  Surfactant  inactivation  is 
caused  primarily  by  interference  with  the  develop- 
ment of  surfactant  monolayers  by  soluble  pro- 
teins.' '"  The  inactivation  is  a  reversible  biophysical 
phenomenon  that  does  not  break  down  surfactant 
lipids  or  protein.  The  inactivation  is  a  strongly 
dose-dependent  phenomenon,  with  the  proteins 
having  little  effect  if  large  amounts  of  surfactant 
are  present.  However,  severe  protein  inactivation 
can  result  if  only  small  amounts  of  surfactant  are 
present  in  the  alveoli.  Different  amounts  of  in- 
activation occur  depending  on  the  protein  species 
or  type  of  surfactant  present  in  the  air  spaces.  Sur- 
factant inactivation  is  a  major  problem  in  RDS  be- 
cause surfactant  pool  sizes  are  low  and  the  air  spac- 
es tend  to  fill  with  protein-rich  liquid.**  Jackson  and 
his  colleagues"  have  demonstrated  that  the  reduced 
total  lung  capacity  in  preterm  monkeys  with  RDS 
at  3  hours  of  age  results  primarily  from  interstitial 
edema  and  alveolar  filling  with  proteinaceous  liq- 
uid rather  than  from  atelectasis. 

Table  1.     Representative  Alveolar  Surfactant  Pool  Sizes  in 
Four  Species 


Mg  Surfactant/kg  Body  Weight 

Species 

Ventilated  Pretenm 
with  RDS 

Temi  Newborn 

Adult 

Sheep 
Monkey 
Rabbit 
Man 

12 
6 

<4 

3.4*;8 

120 

100 

50 

mechanical  ventila 

Adult 

13 

12 

4 

*Infanls  who  died  of  RDS  without 
Table  modified  from  Reference  5. 

Hon 

Based  on  measurements  in  animals,  the  lungs  of 
the  preterm  subject  tend  to  leak  protein  in  the  im- 
mediate newborn  period,  an  abnormality  that  can 
be  aggravated  by  barotrauma  and  lung  injury. '- 
This  tendency  of  the  preterm  lung  to  leak  is  in- 
versely related  to  gestational  age.  indicating  that 
the  abnormality  is  a  maturation-dependent  variable 
that  is  independent  of  surfactant  maturation."  For 
example,  the  protein  leak  can  be  decreased  in  an- 
imal tiiodels  by  maternal  corticosteroid  treat- 
ments.'^ 

Effects  of  Surfactant  Treatments  on  Surfactant 
Pool  Size  and  Function 

Most  experimental  and  clinical  protocols  empir- 
ically have  used  surfactant  doses  of  about  1 00  mg 
surfactant/kg  body  weight.'  This  is  a  dose  that  is 
about  lO-fold  in  excess  of  the  amount  of  surfactant 
present  in  the  healthy  adult  lung  (Table  I ).  How- 
ever, much  of  the  surfactant  that  is  delivered  to  the 
lungs  via  the  airways  cannot  be  recovered  from  the 
air  spaces  by  saline  lavage  even  shortly  after  treat- 
ment." This  lung  association  (or  apparent  loss  from 
the  air  spaces)  is  presumed  to  represent  uptake  of 
the  surfactant  by  the  lung  into  metabolic  pathways 
for  reprocessing  and  resecretion.'"  For  example,  we 
found  only  about  20%  of  the  treatment  dose  of  sur- 
factant was  recoverable  from  the  air  spaces  of  pre- 
term lambs  24  hours  after  treatment.'  The  result  is 
that  much  of  the  treatment  dose  is  not  functioning 
in  the  air  spaces.  This  loss  of  surfactant  is  from  the 
air  spaces  to  the  lung  tissue  but  not  from  the  lung 
because  almost  no  calabolism  of  surfactant  appears 
to  occur  in  the  preterm  or  term  lung.'' 

Surfactant  treatments  are  given  clinically  either 
as  single  or  divided  intratracheal  boluses  in  saline, 
with  the  infant  positioned  to  try  to  optimize  dis- 
tribution or  by  multiple  small  instillations  timed 
with  inspiration.  These  techniques  have  not  been 
compared  for  their  effect  on  distribution  of  sur- 
factant at  either  the  lobar  or  alveolar  levels.  Al- 
though suspension  of  surfactant  in  the  liquid-filled 
fetal  lung  (before  the  first  breath)  followed  by  ven- 
tilation does  result  in  a  more  uniform  distribution 
than  bolus  instillation  into  aerated  lungs,  neither 
technique  gives  very  utiiform  distribution."  The 
variables  likely  to  impact  surfactant  distribution  are 
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the  volume  administered  (the  larger  the  volume,  the 
better  the  distrihution).  the  viscosity  of  the  sur- 
factant, the  homogeneity  of  the  lung  disease  (sur- 
factant preferentially  enters  ventilated  rather  than 
atelectatic  or  liquid-filled  lung),  the  style  of  me- 
chanical ventilation  during  treatment,  and  the  posi- 
tion of  the  patient.  The  dose  of  surfactant  used  for 
treatment  clinically  is  high — in  part  to  overcome 
the  inhomogeneity  of  distribution. 

Surfactant  treatments  certainly  do  increase  al- 
veolar pool  size,  but  the  effects  of  tissue  uptake  and 
nonuniform  distribution  mean  that  the  doses  of  ex- 
ogenous surfactant  needed  to  reproduce  the  effects 
of  spontaneous  increases  in  the  endogenous  pools 
with  lung  maturation  are  quite  different  (Fig.  1). 
Compliances  improved  in  preterm  rabbits  as  endog- 
enous surfactant  pools  increased  or  as  treatment 
doses  of  natural  rabbit  surfactant  increased,  but 
about  10-fold  more  treatment  surfactant  was  need- 
ed to  achieve  the  effect.'" 


Surfactant  treatments  also  should  improve  lung 
function  by  overcoming  the  inactivation  caused  by 
the  soluble  proteins  in  the  air  spaces  and/or  by  de- 
creasing the  movement  of  these  proteins  into  the 
lungs.  Such  treatments  do  improve  the  surface 
properties  of  samples  taken  from  the  lungs  of  pre- 
term ventilated  animals  for  periods  up  to  24  hours 
after  a  single  treatment.''  Surfactant  can  also  sharp- 
ly decrease  the  movement  of  plasma  proteins  to  the 
air  spaces  as  measured  in  preterm  rabbits  and 
sheep'- ■"  (Fig.  2),  and  can  effectively  prevent  the 
development  of  bronchiolar  epithelial  lesions  and 
hyaline  membranes,  the  overt  signs  of  lung  injury 
in  RDS.-'  Airway  samples  from  infants  who  were 
treated  with  surfactant  contained  less  elastase  and 
more  a- 1  protease  inhibitor  than  did  samples  from 
RDS  infants  without  surfactant  treatment,  a  clinical 
finding  consistent  with  a  decrease  in  lung  injury 
following  surfactant  treatments." 


ENDOGENOUS 
200        SURFACTANT 


SURFACTANT    TREATMENT 


10         20         30         40         50         60         70         80 


AMOUNT  OF  SURFACTANT  (mg/kgi 

Fig.  1.  Comparison  of  compliances  in  preterm  rabbits  fol- 
lowing the  administration  of  endogenous  (o)  and  ex- 
ogenous (•)  surfactant.  The  compliance  relationship  for 
the  endogenous  pool  was  determined  by  measuring 
compliances  in  27-  and  28-day-gestation,  preterm,  ven- 
tilated rabbits  and  then  lavaging  the  lung  to  measure  al- 
veolar surfactant  pools."  This  curve  includes  the  effects 
of  both  spontaneous  increases  in  surfactant  and  lung 
maturation.  The  curve  for  the  change  in  compliances 
with  treatment  with  different  doses  of  rabbit  natural  sur- 
factant was  generated  using  immature  27-day-gestation, 
preterm  rabbits. '^  The  larger  maximal  compliance 
change  in  the  curve  for  the  endogenous  pool  probably 
reflects  the  combined  effects  of  increasing  surfactant 
pools  and  maturation  of  lung  structure.  Figure  redrawn 
from  data  in  References  7  and  19. 
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Fig.  2.  Effects  of  surfactant  on  the  leak  of  labeled  intra- 
vascular albumin  into  the  air  spaces  of  preterm  ventilated 
animals.  ■■  =  no  surfactant  treatment;  ^M=  surfactant 
treated.  Preterm  rabbits  and  sheep  were  delivered  and 
ventilated  following  the  intravascular  injection  of  radio- 
labeled albumin.  Natural  calf  surfactant  (50  mg/kg)  was 
used  to  treat  27-day-gestation  rabbits,  and  the  135-day- 
gestation  lambs  were  treated  with  50  mg/kg  of  natural 
sheep  surfactant.  The  recovery  of  labeled  albumin  in  al- 
veolar washes  as  percent  of  injected  dose  was  meas- 
ured at  30  min  of  age  in  the  rabbits  and  at  3  h  of  age  in 
the  lambs.  Surfactant  significantly  decreased  labeled- 
albumin  recovery  in  both  species.'--" 

Physiologic  Responses  to  Surfactant 

The  most  generally  reported  response  of  infants 
with  RDS  to  surfactant  treatment  is  an  improve- 
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merit  in  oxygenation,  with  a  modest  and  less  rapid 
decrease  in  respiratory-support  variables/  This  re- 
sponse is  consistent  with  responses  noted  in  pre- 
term lambs  and  baboons  under  controlled  experi- 
mental conditions.-'-^  Oxygenation  can  improve 
almost  instantly  whereas  improvements  in  Pco: 
values,  compliances,  and,  therefore,  ventilatory- 
support  variables  change  more  gradually.  Why  ox- 
ygenation improves  without  compliance  changes 
has  been  the  subject  of  considerable  discussion. -'■'' 
The  explanation  for  the  inconsistency  almost  cer- 
tainly results  from  acute  changes  in  lung  volumes 
following  surfactant  treatments.-' 

The  effect  of  surfactant  on  lung  volumes  can  be 
seen  clearly  from  static  pressure-volume  curves 
(Fig.  3).  Maximal  lung  volumes  are  increased  2.5- 
fold,  and  volumes  at  low  pressures  on  deflation  are 
greatly   increased   over  control   values   with   sur- 


increase  in  FRC  following  surfactant  treatment. 
Therefore,  the  rapid  improvement  in  oxygenation 
results  from  reversal  of  atelectasis  and  the  tendency 
of  the  lung  to  collap.se  at  end-expiration.  Lung  me- 
chanics also  are  altered  by  surfactant  treatment.-"-'' 
Time  constants  for  intlation  decrease;  whereas  time 
constants  for  deflation  increase,  resulting  in  less  ef- 
fective lung  emptying  and  high  FRCs  because  of 
gas  trapping  if  rapid  respiratory  rates  or  high  pos- 
itive end-expiratory  pressures  are  used.  Davis  et 
al-'  found  compliance  changes  following  surfactant 
treatments  only  with  spontaneous  ventilation  and 
not  with  mechanical  breaths.  My  impression  is  that 
in  some  infants  Pco:  values  do  not  fall  and  com- 
pliance changes  are  not  noted  because  ventilator 
settings  are  not  turned  down  in  response  to  a  clin- 
ical assessment  of  lung  volumes. 

Clinical  Results 


MAXIMAL  VOLUME 


SHEEP 
SURFACTANT 


10  15  20  25  30  35 

PRESSURE  (cm  HjO) 

Fig.  3.  Effects  of  natural  sheep  surfactant  on  the  quasi- 
static  pressure-volume  relationships  of  27-day-gestation, 
preterm  rabbit  lungs.  The  rabbits  were  treated  with  50 
mg/kg  of  surfactant  or  nothing  (control)  and  ventilated  for 
a  short  period  after  which  the  pressure-volume-curve 
measurements  were  made.  Surfactant  treatments  de- 
creased the  pressure  required  to  open  the  lungs  on  in- 
flation from  about  25  cm  H^O  pressure  to  15  cm  HjO,  in- 
creased lung  volumes  at  maximal  pressures  of  35  cm 
HoO,  and  improved  deflation  stability  at  low  trans- 
pulmonary  pressures. 


lactam  treatment  of  preterm  rabbits.  These  volume 
changes  mean  that  all  the  pressure- volume  re- 
lationships of  the  lungs  are  altered.  Compliance 
measurements  are  a  function  of  the  lung  volumes 
across  which  they  are  measured,  it  is  apparent  by 
clinical  observation  that  some  infants  have  an  acute 


Perspective  on  the  Clinical  Trials 

The  first  clinical  trial  reported  by  Fujiwara  et  aP" 
in  1980  was  based  on  the  series  of  demonstrations 
by  Enhorning  and  Robertson  and  their  colleagues" 
from  1972  to  1978,  showing  that  surfactant  treat- 
ments could  improve  lung  expansion  and  prolong 
survival  of  preterm  rabbits.  The  rapid  development 
of  bronchiolar  epithelial  lesions  and  lung  damage 
in  preterm  rabbits  led  to  the  concept  that  surfactant 
treatments  would  not  be  effective  unless  given  at 
birth  and  before  much  ventilation  had  occurred." 
However,  in  Fujiwara's  initial  trial"'  10  infants  with 
severe  RDS  (mean  Pco:,  50  torr:  mean  pH,  7.13; 
average  peak  inspiratory  pressure  (PIP),  30  cm 
HiO;  mean  Fio:,  0.81 )  were  treated  with  a  calf-lung 
surfactant  at  a  mean  age  of  12  hours.  All  infants  ex- 
hibited improved  oxygenation  (inean  Fio:  de- 
creased to  about  0.4  within  3  hours),  and  PlPs  had 
decreased  to  22  cm  H:0  6  hours  after  treatment. 
Thus,  infants  will  respond  to  surfactant  even  if  it  is 
given  after  the  initiation  of  mechanical  ventilation. 

To  evaluate  the  timing  of  treatment,  subsequent 
randomized  trials  have  taken  two  primary  forms — 
treatment  in  the  delivery  room  within  the  first  few 
minutes  of  birth  and  treatment  of  infants  with  RDS 
after  initial  stabilization,  generally  between  about  2 
and  8  hours  of  asze.'-  The  most  recent  trials  have 
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used  multiple-dose  protocols  and  direct  compari- 
sons of  delivery  room  treatment  versus  treatment  of 
established  RDS.  Unfortunately  most  of  these  mul- 
tiple-dose trials,  which  are  the  most  impressive  in 
temis  of  demonstrating  decreased  mortality  and/or 
bronchopulmonary  dysplasia  (BPD),  were  not  pub- 
lished at  the  time  this  review  was  written,  althi)ugh 
some  of  the  results  were  available  in  product  mono- 
graphs and  as  abstracts."  '^  I  have  summarized  the 
clinical  trials  by  focusing  only  on  the  published, 
randomized,  controlled  trials,  w  ith  brief  comments 
about  the  unpublished  information. 

Any  discussion  of  surfactant-treatment  responses 
is  complicated  by  the  multiple  sources  and  types  of 
surfactant  that  have  been  used.  The  surfactants  that 
have  been  evaluated  clinically  fall  into  two  general 
categories,  surfactants  derived  from  mammalian 
sources  and  surfactants  made  from  synthetic  lipid 
mixtures.  The  nomenclature  throughout  the  lit- 
erature is  not  consistent.  1  will  call  natural  sur- 
factant that  material  recovered  from  alveolar  lavage 
liquid,  whereas  modified  natural  surfactant  is  the 
species-homologous  or  -heterologous  material  pre- 
pared by  processing  of  surfactant  from  natural 
sources  (generally  by  lipid-solvent-extraction  pro- 
cedures, with  removal  or  addition  of  specific  com- 
ponents). An  artificial  surfactant  is  a  mixture  of 
synthetic  compounds  that  may  or  may  not  be  com- 
ponents of  natural  surfactant.  The  initial  ran- 
domized trials  were  single-dose  trials  with  the  ex- 
ception of  the  trials  with  surfactant  from  human 
amniotic  liquid  in  which  some  infants  received  ex- 
tra doses." '"  Subsequent  trials  (mostly  un- 
published) include  multiple-dose  protocols  to 
achieve  several  goals — an  increase  in  the  percent 
of  infants  who  respond,  an  increased  duration  of 
the  response,  and  a  decreased  incidence  of  BPD."'" 

Delivery-Room  Treatments — Modified  Natural 
Surfactants 

Five  published  trials  report  the  treatment  of  in- 
fants at  an  aggregate  mean  gestational  age  of  27 
weeks  and  mean  birthweight  of  970  g  (Table  2).'"'"^- 
In  all  trials,  the  treated  infants  required  less  supple- 
mental oxygen  and  less  ventilatory  support  than  did 
control  infants.  The  trials  of  delivery-room  treat- 
ment were  designed  to  be  'prevention'  treatments  or 


'prophylactic'  treatments  that  did  decrease  the  in- 
cidence of  RDS.  For  example,  in  the  Enhorning 
trial"'  the  clinical  diagnosis  of  RDS  was  made  in 
yi%  of  treated  infants  versus  70%  of  control  in- 
fants, and  the  overall  severity  of  RDS  was  de- 
creased. However,  surfactant  treatments  did  not 
prevent  RDS.  This  is  an  important  point  to  rec- 
ognize: Surfactant  is  not  a  panacea;  rather,  it  de- 
creases the  incidence  and  severity  of  RDS  but  does 
not  eliminate  the  clinical  diagnosis.  The  air  leak 
complications  of  RDS  are  strikingly  de-creased, 
but  no  clear  effect  on  the  incidence  of  BPD  has 
been  seen.  In  contrast,  surfactant  treatments  have 
not  altered  the  incidences  of  other  complications  of 
prematurity.  Across  the  5  trials,  death  was  de- 
creased by  about  50%.  On  average  about  70%  of 
infants  weighing  I  kg  can  be  expected  to  develop 
RDS,  and  most  delivery-room  treatment  protocols 
do  not  try  to  eliminate  the  30%  of  infants  not  at 
risk  for  RDS.  Therefore,  a  criticism  of  this  treat- 
ment strategy  is  that  some  infants  are  treated  un- 
necessarily.'" 

Table  2.  Results  of  Treatment  with  Surfactant  Immediately 
following  Birth,  from  5  Randomized  Studies"'"'  ^'  in- 
cluding 384  Patients* 


Complications  of  RDS 

Surfactant 

Control 

Pneumothorax 

8.2% 

19.0% 

PIEt 

9.6% 

36.7% 

BPD 

29.7%. 

36.8% 

Complications  of  prematurity 

PDA 

40.7% 

37.9% 

Grade  III  &  IV  IVH 

12.9% 

13.7% 

Necrotizing 

enterocolitis 

7.7% 

4.7% 

Death 

11.3% 

21.1% 

*  Average  gestational  age  =  27.2  weeks  and  average 
weight  =  970  g. 

+  PIE  =  pulmonary  interstitial  einphysema;  BPD 
=  bronchopulmonary  dysplasia:  PDA  =  patent  ductus 
arteriosus:  and  IVH  =  intraventricular  hemorrhage. 


A  multidose  strategy  was  used  in  a  multicenter 
trial  for  infants  weighing  between  600  and  1230 
g."  The  infants  were  randomized  to  Survanta® 
(Ross  Laboratories,  Columbus  OH),  a  surfactant 
prepared  from  bovine  lung,  (n  =  1 19)  or  air  placebo 
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(n  =  124)  and  received  a  treatment  in  the  delivery 
room.  Infants  could  receive  up  to  3  additional  treat- 
ments over  the  first  48  hours  of  life  for  persistent 
respiratory  problems.  A  preliminary  analysis  in- 
dicated that  the  multidose  strategy  decreased  deaths 
due  to  any  cause  from  IV/t  in  the  air  controls  to 
S'/f  in  the  Survanta-treated  infants,  although  the  in- 
cidence of  BPD  in  survivors  was  not  decreased. 
This  trial  again  emphasized  that  even  multiple  sur- 
factant treatments  do  not  prevent  RDS  because 
66%  of  treated  infants  had  respiratory  symptoms 
versus  89%  of  air-control  infants.  Nevertheless,  air 
leaks  and  death  were  remarkably  decreased  in  this 
group  of  very  tiny  infants. 

Treatment  of  Established  RDS-Modified  Nat- 
ural Surfactants 

Seven  randomized  controlled  trials  of  the  treat- 
ment of  RDS  with  animal-source  surfactants  have 
been  reported  for  infants  at  a  mean  gestational  age 
of  28.6  weeks  and  a  mean  birthweight  of  1200  g 
(Table  3).""^'-"  The  infants  required  about  85% 
oxygen  and  mean  airway  pressures  of  about  1 2  cm 
H:0  at  the  time  of  treatment.  Oxygen  requirements 
were  decreased  by  the  surfactant  treatments  with 
modest-to-no  initial  effects  on  mean  airway  pres- 

Table  3.  Summary  of  Results  of  Surfactant  Treatments  of  Es- 
tablished RDS  from  7  Randomized  Studies"  '^^'■''  in- 
cluding 556  Patients* 


Surfactant 

Control 

Complications  of  RDS 

Pneumothorax 

16.2% 

39.6% 

PIE+ 

14.1% 

34.0% 

BPD 

23.7% 

29.1% 

Complications  of  prematurity 

PD.4 

54.3% 

51.3% 

Grade  3  &  4  IVH 

18.9% 

22.6% 

Necrotizing  enterocolitis 

5.2% 

5.7% 

Death 

19.2% 

31.3% 

*  Average  gestational  age  =  28.6  weeks,  average  weight  = 
1200  g.  age  at  treatment  =  6  h;  some  infants  in  treatment 
group  received  more  than  I  dose  of  surfactant. 

t  PIE  =  pulmonary  interstitial  emphysema;  BPD  =  bronch- 
opulmonar)'  dysplasia:  PDA  =  patent  ductus  arteriosus;  and 
IVH  =  intraventricular  hemorrhage. 


sures.  Despite  the  lack  of  clear  impact  on  ven- 
tilatory settings,  the  air-leak  complications  of  RDS 
were  decreased,  as  was  death  rate  (in  the  ag- 
gregate) across  studies.  As  with  delivery-room 
treatments,  surfactant  treatment  had  no  impact  on 
the  complications  of  prematurity.  Dunn  el  al'"  re- 
ported that  multiple  doses  of  surfactant  sustained 
the  improvement  in  oxygenation  relative  to  a  single 
dose,  although  the  multiple  doses  did  not  decrease 
time  of  intubation.  The  advantage  of  this  strategy 
for  treating  RDS  is  that  only  infants  requiring  treat- 
ment are  exposed  to  surfactant. 

Artificial  Surfactants 

Artificial  surfactants  are  inherently  attractive  for 
the  treatment  of  RDS  because  of  their  known  com- 
positions and  lack  of  protein.  A  mixture  of  di- 
palmitoylphosphatidylcholine  and  phosphatidyl- 
glycerol  (7:3)  has  been  extensively  evaluated  in 
England  in  multidose  protocols  of  328  infants  be- 
ginning immediately  after  birth.^^  Treatments  of  in- 
fants at  a  mean  gestational  age  of  27.6  weeks  and 
birthweight  of  1080  g  resulted  in  a  striking  de- 
crease in  overall  mortality  from  27%  to  14%.  This 
surfactant  seemed  to  have  less  impact  on  the  in- 
cidence of  air  leaks  and  did  not  alter  the  incidence 
of  chronic  lung  disease.  The  surfactant  was  par- 
ticularly effective  in  infants  of  less  than  29-weeks 
gestational  age  in  whom  intraventricular  hem- 
orrhage decreased. 

The  artificial  surfactant  evaluated  in  this  country 
and  Canada  is  a  mixture  of  dipalmitoylpho- 
sphatidylcholine,  hexadecanol  (the  16-carbon-chain 
alcohol),  and  tyloxapol  (an  emulsifying  agent)  and 
is  called  Exosurf®  (Burroughs  Wellcome,  Re- 
search Triangle  Park  NC)."  Results  with  a  single 
delivery-room  dose  of  Exosurf  to  infants  in  the 
700-1100  g  birthweight  range  decreased  overall 
mortality  from  30%  to  20%  and  decreased  pneu- 
mothorax from  19%  to  11%  without  decreasing  the 
incidence  of  BPD."  Two  doses  of  Exosurf  given 
after  the  onset  of  RDS  for  infants  with  birthweights 
between  700  and  1350  g  decreased  overall  mortal- 
ity from  27%  to  15%,  but  again  no  decrease  in 
BPD  was  seen  among  survivors,  although  both 
pneumothorax  and  pulmonary  interstitial  em- 
physema decreased.'*  Although  most  studies  of  sur- 
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factant  efficacy  have  concentrated  on  very  tiny  in- 
fants, Exosurf  was  evaluated  in  a  2-dose  protocol 
in  more  than  600  infants  with  RDS  with  birth- 
weights  over  1250  g."  Despite  low  overall  mortal- 
ity rates,  Exosurf  decreased  death  from  RDS  from 
3%  to  1%,  decreased  BPD  from  5.7%  to  2.7%,  and 
decreased  air-leak  complications  as  well.  This  trial 
demonstrated  clear  benefits  of  treatments  for  larger 
infants  at  less  risk  of  death  and  complications  from 
RDS. 

Choosing  a  Surfactant 

Although  it  is  now  clear  that  both  modified  nat- 
ural surfactants  and  artificial  surfactants  can  alter 
the  clinical  course  of  RDS,  the  responses  to  the  var- 
ious surfactants  probably  are  not  equivalent.  Most 
trials  have  used  a  surfactant  dose  of  about  100  mg/ 
kg  for  either  single  or  multiple-dose  protocols.  The 
trials  with  human  amniotic-fluid  surfactant  have 
used  a  dose  of  about  60  mg/kg."  ^^  whereas  a  beef- 
lung-extract  surfactant  tested  in  Europe  was  used  at 
a  do.se  of  200  mg/kg.^'  A  randomized  trial  in  Ja- 
pan^" found  that  a  surfactant  dose  of  1 20  mg/kg  de- 
creased oxygen  needs  and  decreased  both  intra- 
ventricular hemorrhage  and  BPD  in  comparison  to 
a  group  of  infants  receiving  60  mg/kg  surfactant.  A 
dose  of  100  mg/kg  is  reasonable  based  on  the  em- 
piric results  of  the  trials,  but  it  is  not  clear  that  dif- 
ferent surfactants  have  similar  dose-response 
curves.  Direct  comparisons  of  published  trials  with 
different  surfactants  are  risky  because  patient- 
selection  criteria  and  dose  timing  vary  as  do  infant 
populations.  The  most  important  outcome  variables 
are  death  and  BPD,  and  differences  in  these  var- 
iables versus  controls  were  demonstrated  convinc- 
ingly only  in  large  studies.  Impractically  large  stud- 
ies would  be  needed  to  compare  two  effective 
surfactants  for  differences  in  death  and  BPD. 
Short-term  differences  in  ventilatory  variables 
could  be  tested  and  probably  would  show  differ- 
ences. 

Why  Surfactant  Does  Not  Always  Work 

My  interpretation  of  the  clinical  data  is  that 
about  50%  of  surfactant-treated  infants  have  dra- 
matic and  sustained  responses,  about  25%  of  treat- 


ed infants  have  improvements  in  the  lung  disease, 
and  little  effect  is  seen  in  about  25%  of  infants.  If 
we  assume  good  surfactants  and  good  treatment 
techniques,  this  means  that  about  50%  of  the  in- 
fants now  classified  as  having  RDS  have  surfactant 
deficiency  as  the  primary  problem  while  the  other 
infants  have  other  lung  problems  that  may  or  may 
not  include  surfactant  deficiency.  The  challenge  for 
the  future  is  to  better  understand  the  lung  diseases 
in  those  infants  thought  to  have  RDS  that  do  not 
improve  with  surfactant  treatments.  The  surfactant 
treatment  can  be  the  diagnostic  tool  used  to  dis- 
tinguish between  infants  with  primary  surfactant 
deficiency  and  those  with  other  primary  prob- 
lems.'" 

The  major  reason  that  infants  with  the  clinical  di- 
agnosis of  RDS  do  not  respond  to  surfactant  is  that 
the.se  infants  have  other  lung  problems  related  to 
lung  development  or  other  diseases  such  as  pneu- 
monia. In  general,  most  preterm  infants  have  some 
degree  of  induced  lung  maturation  resulting  from 
the  abnormalities  that  precipitated  the  preterm  de- 
livery.'" The  maturation  of  the  surfactant  system 
need  not  occur  in  parallel  with  other  important  mat- 
urational  events  such  as  the  development  of  airway 
structural  support,  epithelial  and  endothelial  bar- 
riers, and  liquid-clearance  mechanisms.  Severe  pul- 
monary interstitial  emphysema  and  pulmonary  ede- 
ma are  characteristic  of  the  very  immature  lung. 
Although  surfactant  treatments  may  mitigate  these 
problems,  it  cannot  prevent  them  in  the  very  im- 
mature lung.'" 

In  recent  years,  mild  degrees  of  pulmonary  hypo- 
plasia have  been  described  in  preterm  infants  with 
prolonged  rupture  of  membranes.^'  While  lethal 
pulmonary  hypoplasia  is  at  one  end  of  the  spec- 
trum, the  milder  forms  generally  are  classified  as 
RDS."  These  infants  would  not  be  expected  to  re- 
spond very  well  to  surfactant  because  of  the  in- 
adequacy of  the  gas  exchange  surface.  Alveo- 
larization  also  seems  to  occur  to  different  degrees 
in  different  infants."'  By  analogy,  infants  without 
frank  pulmonary  hypoplasia  but  with  fewer  alveoli 
should  respond  less  dramatically  to  surfactant  than 
those  with  more  alveoli.  The  different  timing  of 
and  abnormalities  in  maturation  of  lung  structure 
affect  surfactant  responses. 

Other  diseases  such  as  congenital  pneumonia 
and  Group-B  streptococcus  sepsis  or  pneumonia 
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syndromes  may  also  present  as  RDS.  These  lung 
diseases  may  occur  in  infants  with  surfactant  de- 
ficiency, or  surfactant  deficiency  may  be  a  sec- 
ondary problem  because  of  the  pulmonary  edema. 
While  the  infants  may  respond  to  a  surfactant  treat- 
ment, the  response  may  not  be  large  or  sustained.  A 
concern  is  that  surfactant  used  for  treatment  could 
blunt  the  immune  host-defense  response  of  the  in- 
fected infant:'"*  however,  this  problem  has  not  been 
evident  in  the  clinical  trials  to  date. 

A  number  of  cautionary  notes  are  in  order  in 
terms  of  the  techniques  used  to  treat  infants  with 
surfactant.  The  surfactants  are  given  by  tracheal  in- 
jection as  single  or  divided  boluses  or  by  repetitive 
small  additions  during  inspiration.  In  general,  the 
larger  the  volume  administered,  the  better  the  dis- 
tribution is  likely  to  be,  but  large  volumes  can 
cause  an  acute  decrease  in  gas  exchange  by  oc- 
cluding large  and  small  airways  with  the  surfactant 
suspension.  This  problem  is  more  severe  in  infants 
with  very  mild  disease  because  lower  ventilator 
pressures  do  not  effectively  push  the  surfactant  dis- 
tally  into  the  lungs.  Transient  increases  in  ven- 
tilatory pressures  may  be  needed  to  rapidly  distrib- 
ute the  surfactant  from  the  airways  to  the 
respiratory  units. 

A  number  of  poorly  characterized  variables  of 
clinical  care  may  alter  clinical  response.  In  the  mul- 
ticenter  trials,  some  institutions  have  had  very  good 
success  with  surfactant  while  others  have  had  less 
success.  I  suspect  that  ventilatory  strategies  may  be 
important  to  responses.  Fujiwara  et  al"  believe  that 
ventilation  with  rapid  rates  and  small  tidal-volumes 
may  result  in  more  initial  airway  obstruction  and 
inadequate  distribution  of  the  surfactant,  whereas 
inadvertent  positive  end-expiratory  pressure  eleva- 
tions may  cause  overdistention  of  the  lung  and  ob- 
scure a  surfactant  response.  The  general  character- 
istics of  a  surfactant  response  need  to  be 
appreciated — a  rapid  improvement  in  oxygenation 
(an  abrupt  increase  in  FRC)  followed  by  improved 
compliance  in  only  some  of  the  infants  over  the 
next  minutes  to  hours.  If  FRC  is  greatly  increased, 
positive  end-expiratory  pressures  and/or  rates  need 
to  be  decreased.  If  compliance  improves,  peak 
pressures  need  to  be  decreased.  However,  de- 
creasing pressures  too  rapidly  in  the  absence  of  a 
compliance  change  obscures  a  surfactant  response. 


The  point  is  that  the  response  depends  on  careful 
ventilatory  management  based  on  astute  clinical 
observations  of  chest  movement  and  an  estimate  of 
FRC.  In  my  judgment,  the  pulmonary  function  tests 
now  available  for  infants  have  not  been  dem- 
onstrated to  be  more  sensitive  than  clinical  ob- 
servation for  assessing  ventilation  requirements  fol- 
lowing surfactant  treatments. 

The  Future 

Surfactant  has  been  evaluated  systematically 
only  for  RDS  and  has  been  found  to  be  effective  in 
a  large  number  of  excellent  trials.  The  type  of  sur- 
factant, the  dose,  the  frequency  of  doses,  and  the 
delivery  systems  will  all  probably  be  changed  as 
more  experience  accumulates.  Although  instillation 
techniques  work,  perhaps  aerosol  techniques  can  be 
developed  to  optimize  dose  and  distribution.  Aero- 
solized surfactant  was  recently  demonstrated  to  ef- 
fectively treat  RDS  in  preterm  lambs.'"  Surfactant 
has  been  reported  to  be  effective  in  some  cases  of 
pulmonary  hypertension  in  newborns,  and  anec- 
dotal reports  exist  of  successful  treatment  of  infants 
with  meconium  aspiration,  at  least  one  of  which 
has  been  published."  Perhaps  these  treatments 
work  because  they  overcome  surfactant  in- 
activation  phenomena  and/or  because  the  infants 
treated  had  a  secondary  surfactant  deficiency  be- 
cause of  the  lung  injury  resulting  from  treatment. 
Such  uses  of  surfactant  cannot  be  recommended 
until  controlled  clinical  trials  are  completed.  Trials 
are  under  way  for  the  treatment  of  the  adult  res- 
piratory distress  syndrome  (ARDS).  This  disease  is 
much  more  complex  in  etiology  than  RDS,  and  sur- 
factant treatments  probably  will  be  less  effective  al- 
though potentially  useful.  Surfactants  also  could  be 
used  as  vehicles  to  distribute  antibiotics  or  other 
drugs  to  the  distal  lung  to  treat  a  variety  of  lung 
diseases.  The  widespread  use  of  surfactant  will 
have  a  favorable  impact  on  the  respiratory  care  of 
preterm  infants  with  RDS  and  perhaps  on  other 
groups  of  patients. 
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Jobe  Discussion 

Martin:  Would  you  expect  primarily 
improvement  in  FRC,  lung  com- 
pliance, or  both  in  response  to 
surfactant  therapy'.' 


Jobe:  In  animal  models  of  surfactant 
treatinent,  both  FRC  and  compliance 
change.  Clinically,  we  do  not  know 
how  unifomi  inflation  will  be  fol- 
lowing surfactant  administration. 
Empirically,    following    Survanta® 


treatment,  the  lungs  of  infants  often 
move  up  the  pressure-volume  curve. 
Following  surfactant  instillation,  the 
Pq,  increases  immediately  and  Fiq, 
is  decreased.  However,  Pfo^  "i''>  ^^ 
somewhat   elevated   relative   to   the 
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pretrealnicnt  xaliic.  Since  I'co,  has 
increased,  the  standard  response 
would  be  to  increase  ventilation  (rate 
or  pressure):  however,  by  clinical 
exam  the  chest  seems  more  expanded. 
In  several  such  cases.  I  have  turned 
down  peak  and  expiratory  pressures 
with  a  resultant  visual  increase  in  tidal 
volume  and  a  large  fall  in  PcOt  The 
major  effect  of  surfactant  treatments 
is  on  lung  volumes.  Some  of  the 
volume  increase  represents  opening 
gas  exchange  surface,  but  some  may 
represent  gas  trapping  behind  airways 
temporarily  obstructed  with  the 
surfactant  suspension.  I  think  it's 
important  to  separate  the  oxygenation 
response  from  the  ventilatory 
respon.se  to  surfactant  in  interpreting 
clinical  responses. 

Dr  Fujiwara  in  Japan  feels  that 
better  clinical  responses  will  result 
from  the  use  of  relatively  long 
inspiratory  times  and  moderate  rates 
resulting  in  relatively  large  tidal 
volume  ventilation.  Such  a  style 
should  more  rapidly  deliver  the 
surfactant  to  the  distal  lung  and 
minimize  airway  obstruction. 
Chalburn:  I've  heard  anecdotal 
reports  from  several  centers  about 
pulmonary  hemorrhage  after  surfac- 
tant administration.  Have  you  seen 
this?  And.  could  you  comment  on  the 
possible  causes? 

Jobe:  Pulmonary  hemorrhage  has 
been  noted  with  surfactant  treatments 
in  this  country,  although  the  incidence 
has  not  been  well-documented  in  the 
published  clinical  trials.'  Pulmonary 
hemorrhage  was  not  a  prospectively 
defined  endpoinl.  and  thus  incidences 
between  studies  cannot  be  compared. 
Pulmonary  hemorrhage  is  a  known 
complication  of  RDS.  especially  in 
very  tiny  infants,  and  the  influence 
of  surfactant  treatments  on  the 
incidence  of  pulmonary  hemorrhage 
may.  in  part,  be  a  problem  of  per- 
ception. Since  surfactant  saves  lives, 
perhaps  some  of  these  infants  would 
have  died  with  clinically  inapparent 


pulnionar\  hcinorrhagc.  a  diagnosis 
often  maile  al  autopsy.  On  the  oilier 
hand,  nonuniform  lung  distention 
could  cause  tissue  shear  forces  and 
result  in  hemorrhage.  The  Burroughs 
Wellcome  people  have  associated 
pulmonary  hemorrhage  with  patent 
ductus  arteriosus  in  their  trials. - 
although  I  find  that  a  tenuous  asso- 
ciation. Pulmonary  hemorrhage  may 
be  the  only  significant  complication 
of  surfactant  treatments  noted  to  liate. 

1.  Hose  C.  Corbel  A.  Bose  G,  et  al. 
Improved  outcome  at  28  days  of  age 
for  very  low  birth  weight  infants 
trcatcil  with  a  single  dose  of  synthetic 
sLirfaciant.  J   Pediatr   I990;l  17:947- 

2.  Exosurf"  product  information. 
Research  Triangle  Park  NC:  Bur- 
roughs Wellcome  Co. 

Stark:  Alan  (Jobe).  I  wonder  if  you 
would  comment  on  the  relative  merits 
of  surfactant  preparations,  with  and 
without  protein? 

Jobe:  Presently,  a  synthetic  surfac- 
tant. Exosurf.  is  the  only  licensed 
surfactant  for  clinical  use.  It  contains 
no  protein.  Surfactants  prepared  from 
animal  lungs  or  alveolar  washes  are 
licensed  in  Europe  and  Japan,  and 
Survanta  is  one  such  surfactant 
extensively  evaluated  in  this  country. 
These  surfactants  contain  the 
surfactant-specific  proteins  SP-B  and 
SP-C.  and  the  animal  data  and  clinical 
impressions  are  that  they  have  more 
immediate  physiologic  effects.  How- 
ever, both  synthetic  and  animal- 
source  surfactants  decrease  mortality 
and  lung-related  morbidity.  No  direct 
comparisons  have  been  published. 
Salver:  Could  you  comment  on  the 
need  for  volume  monitoring  of 
ventilation  around  the  time  of  surfac- 
tant administration  and  also  on  the 
method  of  administration — rolling 
from  side  to  side? 

Jobe:  Monitoring  of  lung  volumes  is 
iust  not  practical  because  there  is  no 
reliable  equipment  available  for  such 


measurements.  Plethysmography  is 
not  practical  in  sick  infants  on  a 
routine  basis,  and  washout  techniques 
arc  hampered  by  the  need  for  high 
I  jo,  and  gas  trapping.  A  compliance 
measurement  alone  is  not  very  helpful 
if  lung  volume  is  not  known.  1  think 
that  a  lot  of  infomiation  can  result 
from  looking  at  the  patient's  chest: 
perhaps  there's  still  an  art  to  neonatal 
respiratory  care. 

Surfactants  are  administered  by 
instilling  .V.^i  niL/kg  suspensions  of 
surfactant  into  the  trachea  of  an  infant 
while  positioning  the  infant  in  an 
attempt  to  optiinize  distribution. 
Exosurf  and  Survanta  are  given  by 
slightly  different  protocols,  but 
neither  has  been  demonstrated  to  be 
superior.  The  treatment  techniques 
are  quite  empiric. 

There  are  at  least  3  specific  proteins 
in  mammalian  surfactant.  Sp-A  is  a 
highly  glycosylated  protein  having  a 
monomer  molecular  weight  of  about 
36  Kd  and  a  multimer  molecular 
weight  of  about  630  Kd.  SP-B  and 
SP-C  are  very  hydrophobic  proteins 
of  less  than  6  Kd  that  are  thought 
to  be  the  major  proteins  responsible 
for  the  biophysical  properties  of 
surfactant.  All  animal  source  surfac- 
tants contain  SP-B  and  SP-C,  while 
SP-A  is  in  none  of  the  surfactants 
presently  being  developed  commer- 
cially. SP-A  may  not  be  included  in 
the  second-generation  human-gene- 
product  surfactants  because  it  is  such 
a  complex  molecule  and  it  does  not 
seem  to  have  a  critical  function,  at 
least  for  infants.  SP-A  is  a  multifunc- 
tional protein  involved  in  regulation 
of  surfactant  secretion  and  uptake  as 
well  as  perhaps  macrophage  function. 

However,  surfactants  with  only  SP- 
B  and/or  SP-C  can  have  very  good 
function  when  tested  clinically. 
Rau:  I  have  a  question  about  the 
nebulization  of  surfactant.  Adminis- 
tration by  aerosol  seems  to  be  more 
lime-intensive  and.  related  to  that, 
more  equipment-intensive,  compared 
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to  ihe  instillation  procedure.  Is  it 
superior  or  what  is  the  rationale  tor 
pursuing  that  method  ot  administra- 
tion from  what  you've  seen  so  far? 
,I»»be:  While  more  equipment  would 
be  required  for  aerosol  treatments,  the 
treatment  itself  would  be  "kinder  and 
gentler" ■  because  a  large  volume  of 
saline  would  not  be  acuiel)  dumped 
into  the  lungs,  resulting  in  transient 
airway  obstruction.  Also,  the  distri- 
bution of  surfactant  might  be  more 
uniform  throughout  the  lung.  The  real 
interest  in  aerosol  therapy  is  for 
surfactant  in  ARDS.  The  adult  pul- 
monologist  is  not  at  all  enthusiastic 
about  pouring  280  mL  (4mL/kg  x  70 
kg )  of  saline  into  the  lungs  of  a  patient 
with  respiratory  failure. 
Rau:  A  quick  follow-up  to  that.  How 
do  you  handle  the  problem  of  keeping 


submicronic  particles  in  suspension? 
Do  you  find  that  they  do  not  remain 
in  suspension — because  that  seems  to 
be  a  problem  with  decreased  particle 
size? 

.lobe:  In  our  aerosol  studies  with 
surfactant,  aerosol  was  generated 
during  inspiration  directly  from  the 
aerosol izer.'  There  were  not  losses  by 
.settling,  although  impaction  on  acute 
angles  in  the  system  was  a  problem. 

1.  Lewis  JF,  Ikegami  M.  Jobe  AH, 
Tabor  B,  Aerosolized  surfactant 
treatment  of  preterm  lambs,  J  AppI 
Physiol  1991;70:869-876, 

Rau:  Right,  with  any  aerosol  as  you 
decrease  to  submicronic  size,  the 
tendency  to  remain  in  suspension 
becomes  greater  and  the  aerosol   is 


often  exhaled  in  some  studies,'  -  Has 
that  not  been  a  problem? 


Newman  SP,  Clarke  SW.  Therapeutic 

aerosols    1 — Physical    and   practical 

considerations    (editorial  l.    Thorax 

198.^;38:S81-886. 

Morrow  PE.  Aerosol  characterization 

and  deposition.  Am  Rev  Respir  Dis 

1974:1 10:88-99. 


Jobe:  Smaller  particles  will  not  be 
lost  in  the  proximal  airways  and  at 
least  will  reach  the  respiratory 
surface,  although  many  will  remain 
in  suspension  and  be  exhaled.  There 
is  no  information  on  the  ideal  particle 
size  for  surfactant  or  even  where  in 
the  lung  deposition  would  be  optimal 
for  the  best  clinical  response. 
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Long-Term  Outcome  of 
Respiratory  Distress  in  Infants 

Avroy  A  Fanaroff  MB,  Richard  J  Martin  MB  BS, 
and  Maureen  Hack  MB  ChB 


Introduction 

Improved  technology  and  better  understanding 
of  the  pathophysiology  have  markedly  reduced  the 
mortality  in  many  neonatal  respiratory  disorders.' 
Relatively  newer  therapies  including  surfactant  ad- 
ministration, steroid  therapy,  and  extracorporeal 
membrane  oxygenation  appear  to  have  improved 
the  outcome  for  many  preterm  and  term  infants.-'' 
Preliminary  follow-up  data  suggest  that  this  im- 
proved survival  has  not  been  associated  with  in- 
creases in  unfortunate  pulmonary  or  neuro- 
developmental  sequelae.  It  is  imperative  that  we 
follow  these  survivors  closely  to  determine  their 
later  performance  and  to  identify  any  long-term 
morbidity.  In  this  paper,  I  present  an  overview  of 
the  outcome  of  neonatal  respiratory  disorders. 

Background 

Many  problems  are  inherent  in  the  establishing 
of  a  follow-up  program,  and  outcome  reports  con- 
tain many  flaws.  Many  reports  are  hospital-  or  cen- 
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ter-based  and  may  include  inborn  and/or  outborn 
infants.  Both  populations  incorporate  an  inherent 
selection  bias.  Inborn  populations  are  influenced  by 
the  referral  patterns  and  may  include  maternal 
transports  to  the  center,  whereas  transported  infants 
may  have  received  less  optimal  initial  care  or  may 
include  only  the  sickest  infants.  Few  studies  evalu- 
ate total  geographic  regions,  including  all  infants 
bom  therein  because  such  studies  are  economically 
taxing,  logistically  difficult,  and  tend  to  use  screen- 
ing evaluations  rather  than  in-depth  assessments. 
Randomized  clinical  trials  with  appropriately 
matched  controls  are  the  exception  rather  than  the 
rule.  In  all  studies,  it  is  essential  to  control  for  so- 
ciodemographic  status,  which  has  a  dominant  ef- 
fect on  outcome.  Other  factors  to  be  considered 
when  evaluating  outcome  are  the  number  of  infants 
lost  to  follow-up,  postdischarge  deaths,  and  the 
standardization  of  the  age  and  method  of  follow- 
up.  In  addition,  the  important  concept  of  the  con- 
tinuum of  environmental  risk  that  predisposes  an 
individual  to  perinatal  risk  and  also  influences  later 
growth  and  development  should  be  addressed.  Par- 
melee,'  for  example,  has  shown  the  buffering  effect 
that  an  optimal  family  environment  may  have  in 
ameliorating  a  biologic  risk  factor.  Preterm  infants 
with  an  abnormal  electroencephalogram  (EEC)  at 
40-weeks  corrected  age  were  noted  to  have  a  low 
intelligence  quotient  (IQ)  unless  they  had  been 
reared  in  a  consistently  responsive  environment,  in 
which  case  their  IQ  was  similar  to  those  neonates 
with  no  EEG  abnormalities. 

In  my  experience,  the  optimal  follow-up  pro- 
gram repeatedly  assesses  growth  and  neuro- 
developmental  status,  documents  the  presence  of 
chronic  disease,  intercurrent  illness,  and  the  need 
for   rehospitalization,    and    evaluates    the    special 
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Abbrevialiuns  Used  in  This  Paper 

BPD 

—  bronchopiilinoiKin  d\splasia 

BW 

—  birlhwcighl 

CLD 

—  chrmili;  lung  disease 

CO: 

—  carbon  dioxide 

DQ 

—  developmental  quotient 

EEC 

—  electroencephalogram 

FRC 

—  functional  residual  capacity 

GA 

—  gestational  age 

IQ 

—  intelligence  quotient 

IVH 

—  intraventricular  hemorrhage 

LBW 

—  low  birthweight 

NICHD 

—  National  Institute  of  Child  Health  and 

Development 

RDS 

—  respiratory  distress  syndrome 

SD 

—  standard  deviation 

VLBW 

—  very  low  birthweight 

senses,  including  vision  and  hearing.  Ongoing  eval- 
uations to  observe  behavior  and  school  per- 
formance are  desirable. 

Respiratory  Distress  Syndrome  and  Outcome 

The  emergence  of  chronic  lung  disease  as  a  com- 
mon problem  in  infants  presents  a  major  challenge 
to  neonatologists.  Pretemi  infants  with  acute  pul- 
monary disease,  predominantly  respiratory  distress 
syndrome  (RDS).  make  a  rapid  and  apparently 
complete  recovery  and  subsequently  appear  to  have 
entirely  normal  lungs.  The  term  bronchopulmonary 
dysplasia  (BPD)  was  introduced  in  1967  by  North- 
way  and  colleagues"  to  describe  a  sequence  of  clin- 
ical and  radiographic  pulmonary  changes  that  de- 
veloped over  weeks  in  a  group  of  infants  with 
RDS.  following  prolonged  assisted  ventilation  and 
exposure  to  high  inspired  oxygen  concentration. 
Subsequent  reports  "  have  described  a  similar 
chronic  course  after  prolonged  assisted  ventilation 
in  infants  with  meconium  aspiratit)n  syndrome,  per- 
sistent fetal  circulation,  diaphragmatic  hernia,  and 
neonatal  pneumonia. 

BPD  is  now  recognized  as  a  disease  with  a  much 
broader  spectrum  of  clinical  severity  than  the  se- 
vere cystic  emphysema  originally  documented  by 
Northway.  Bancalari  and  Gerhardt  have  defined 
BPD  as  existing  in  infants  who  require  mechanical 


ventilation  during  the  first  week,  are  oxygen- 
dependent  after  at  least  28  days,  and  exhibit  per- 
sistent increased  densities  with  or  without  hyper- 
inllation  on  chest  radiographs.  The  incidence  of  BPD 
in  infants  who  develop  RDS  and  require  assisted 
ventilation  but  survive  is  estimated  to  be  between  10 
and  2()'/(,  but  is  greater  in  lower  birthweight  (BW) 
infants,  exceeding  50%  in  those  <  750  g  and  40%  for 
those  between  750  and  1,000  g.  Shennan  and  as- 
sociates" in  1988  reported  that,  whereas  the  need 
for  oxygen  at  28  days  is  a  good  predictor  of  ab- 
normal finding  in  infants  beyond  30-weeks  gesta- 
tion at  birth,  it  is  not  very  useful  in  infants  of  lesser 
gestational  age.  However,  irrespective  of  gesta- 
tional age  (GA)  at  birth,  the  need  for  additional  ox- 
ygen at  36-weeks-corrected  postgestational  age  is 
an  excellent  predictor  of  abnormal  outcome 
(63%)."  The  positive  predictability  of  this  simple 
indicator  (ie,  90%  chance  of  normality  if  there  is  no 
oxygen  requirement  at  this  point  in  life)  makes  this 
an  attractive  marker  for  morbidity. 

Changes  in  patterns  of  care,,  with  more  ag- 
gressive management  of  low-birthweight  (LBW) 
infants  are  reflected  in  Table  1  from  Rainbow  Ba- 
bies and  Childrens  Hospital.  Note  the  increased  use 
of  mechanical  ventilation  and  increased  incidence 
of  oxygen  dependency  at  28  days.  With  the  sur- 
vival of  smaller  infants,  the  duration  of  oxygen 
need  relates  to  BW  as  reflected  in  Figure  1  from 
the  National  Institute  of  Child  Health  and  Develop- 
ment (NICHD)  Neonatal  Research  Network.  The 
survival  of  smaller,  less  mature  infants  has  been  ac- 
companied by  an  increased  number  of  infants  with 
chronic  lung  disease  (CLD). 

Children  who  have  had  RDS,  especially  those 
who  develop  BPD.  have  a  poorer  outcome.  Phys- 
ical growth  and  ultimate  body  size,  although 
strongly  influenced  by  genetic  potential,  provide  a 
highly  sensitive  index  of  the  effects  of  early  en- 
vironmental events  on  the  developing  organism. 
Thus,  any  deviation  from  the  normal  trajectory  of 
growth  provides  an  easily  documentable,  yet  im- 
portant outcome  measure.  Close  monitoring  of 
weight  length  and  head  circumference  yield  im- 
portant prognostic  information." 

In  follow-up  of  a  cohort  of  very-low-birthweight 
(VLBW)  infants  delivered  in  1977  and  1978,  my 
group"  documented  that  58%  of  the  infants  suf- 
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100-1 


56  84 

Days  on  Oxygen 


112 


Days  on  Ventilator 

Fig.  1.  X  =  501-750  g;  O  =  751-1000  g;  ■=  1001-1500  g. 
A.  Relationship  between  birthweight  and  percent  of  in- 
fants on  and  duration  of  administration  of  supplemental 
oxygen.  B.  Relationship  between  birthweight  and  percent 
of  infants  on  and  duration  of  mechanical  ventilation.  (Re- 
printed, with  permission,  from  Reference  10.) 

fered  from  intrauterine  and  or  neonatal  growth  fail- 
ure. Infants  who  failed  to  thrive  either  in  the  nur- 
sery or  after  discharge  were  more  likely  to  have 
persistence  of  pulmonary  (bronchopulmonary  dys- 
plasia, or  BPD)  and  gastrointestinal  complications 
(cholestasis  and  necrotizing  enterocolitis),  and 
more  likely  to  require  rehospitalization.  Fur- 
thermore, those  infants  whose  growth  failed  to 
catch  up  by  8-months  corrected  age  had  a  lower  de- 
velopmental quotient  (DQ)  and  a  higher  incidence 
of  neurologic  abnormalities.  Poor  head  growth,  re- 
sulting from  asymmetrical  growth  retardation  in- 
utero.  and/or  poor  neonatal  head  growth,  may  be 
one  of  the  most  important  determinants  of  out- 
come. 


The  primary  teeth  may  be  used  as  markers  of  in- 
trauterine and  postnatal  insults.  Enamel  hypoplasia, 
known  since  prehistoric  times,  has  been  doc- 
umented in  4()'/f  of  LBW  infants.  The  degree  of  hy- 
pocalcification  correlates  with  duration  of  o.xygen 
therapy  and  with  arterial  and  carbon  dio.xide  ten- 
sion on  admission  to  the  neonatal  intensive  care 
unit  (hypocalcification  occurring  with  elevated  CO: 
and  relatively  low  PaO:).'""  From  the  other  per- 
spective, poor  growth  and  neurodevelopmental  out- 
come have  been  well-documented  among  infants 
with  CLD.  However,  the  reports,'^  '^  mainly  before 
1983,  have  been  limited  in  usefulness  by  varied 
definitions  of  BPD,  small  sample  sizes,  hetero- 
geneous subjects,  and  lack  of  controls.  I  believe 
that  more  recent  survivors  with  CLD  represent  a 
different  population  of  smaller,  less  mature  infants 
at  greater  risk  for  intraventricular  hemonhage 
(IVH). 

Neurodevelopmental  Outcome  Associated  with 
Respiratory  Disorders 

The  incidence  of  neurologic  and  developmental 
deficits  in  survivors  with  BPD  varies  widely,  re- 
lated in  large  part  to  differences  in  patient  selection 
criteria.  Shankaran  et  al"  related  developmental  in- 
dices to  the  length  of  time  that  the  infants  received 
supplemental  o.xygen.  In  a  small  series,  she  and  her 
co-workers  noted  that  infants  with  subnormal  de- 
velopmental scores  had  a  mean  time  in  oxygen  of 
84  days  versus  a  mean  of  46  days  in  oxygen  for 
those  with  normal  scores."  Thus,  outcome  could  be 
related  to  severity  of  pulmonary  disease  as  re- 
flected in  the  need  for  prolonged  oxygen  therapy. 
Several  studies"  ''  have  demonstrated  a  higher  in- 
cidence of  growth  and  developmental  delays  in  in- 
fants with  BPD.  using  the  Northway  criteria  for  di- 
agnosis of  BPD.  There  is  less  evidence  for 
developmental  impairment  in  BPD  infants  when  di- 
agnostic criteria  for  CLD  have  been  liberalized  and 
are  based  primarily  on  oxygen  requirement  at  28 
days. 

Skidmore  et  al'^  wished  to  determine  the  in- 
cidence of  cerebral  palsy  and  other  forms  of  neuro- 
developmental impairment  in  VLBW  infants  (< 
1500  g)  born  during  1983  and  1984  who  developed 
CLD.  These  children  were  compared  with  LBW  in- 
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fants.  bom  during  the  same  period,  but  with  less  se- 
vere or  no  lung  disease.  Of  343  infants  admitted, 
272  survived  to  28  days  of  life,  17  infants  died  be- 
tween 28  days  and  2  years  of  life.  She  and  her  co- 
workers were  able  to  prospectively  follow  249 
(98^^^ )  of  the  255  surviving  infants  to  at  least  20- 
months  corrected  age.  The  infants  on  admission 
had  a  mean  (SD)  BW  of  1,148  (225)  g,  and  a  mean 
(SD)  GA  of  29  (3)  weeks;  63%  were  black.  43% 
were  boys,  and  76%  were  in  the  lower  so- 
cioeconomic classes.  Of  the  survivors,  84  required 
oxygen  for  2  days  or  less,  113  for  3-27  days,  and 
52  for  >  28  days  (Table  2).  The  incidence  of  CLD 
was  21%.  overall,  but  71%  for  infants  <  750  grams, 
43%  for  those  between  750  and  999  grams,  and 
1 1%  between  1,000  and  1,499  grams.  The  maternal 
demographic  data,  including  education  and  social 
class,  were  similar  in  all  three  groups.  The  52  sur- 
viving infants  with  CLD  were  significantly  young- 
er and  smaller  than  infants  who  required  less  oxy- 
gen (mean  BW  959g  GA  27  wk).  Infants  with  CLD 
had  significantly  lower  1-  and  5-minute  Apgar 
scores  and  had  higher  rates  of  apnea,  sepsis,  and 

Table  2.    Neurologic   and   Developmental   Outcome   at   20 
Months* 


Duration  of  Oxygen  Depend 

ence 

<  2  days 

3-; 

27  days 

>  28  days 

Total 

Outcome 

{n  =  84) 

(n 

=  113) 

(n  =  52) 

(n  =  249) 

% 

% 

% 

% 

Neurologic 

impairment 

6t 

9t 

29t 

12 

Hydrocephalus 

(shunted) 

1 

2 

1 

Cerebral  palsy 

4+ 

4t 

15+ 

6 

Hypo/hype  rtonia 

3 

6 

3 

Severe  visual 

impairment 

1 

2 

I 

Severe  hearing 

impairment 

1 

2 

I 

Congenital 

malformations 

2 

6 

2 

Isolated  low  DQ 

(<80) 

8 

11 

8 

9 

TOTAL  Impaired 

I6t 
ference  14. 

2|i 

42ti 

24 

*Data  based  on  Re 

tp<  0.001. 

tp<0.01. 

patent  ductus  arteriosus.  Additionally,  43%  of  in- 
fants with  CLD  had  Grades  3  and  4  IVH,  compared 
with  14%  in  each  of  the  other  2  groups.  This  higher 
rate  of  neonatal  sequelae  for  infants  with  CLD  was 
probably  related  to  their  lower  BW.  younger  GA, 
and  greater  severity  of  lung  disease,  and  was  as- 
sociated with  significantly  longer  hospital  stays. 

Whereas  the  overall  incidence  of  cerebral  palsy 
was  5.6%,  8/52  (15%)  with  CLD  had  cerebral  palsy 
(Table  2).  Four  of  these  infants  also  had  hy- 
drocephalus requiring  a  shunt.  In  contrast,  2.7%  of 
infants  requiring  oxygen  for  between  3  and  27  days 
developed  cerebral  palsy  and  3.6%  of  those  re- 
quiring oxygen  for  2  days  or  less  were  found  with 
cerebral  palsy  (p  <  0.01 ). 

The  overall  neurodevelopmental  impairment  rate 
was  24%,  including  12%  with  neurologic  deficits, 
2%  with  major  malformations,  and  9%  with  a  sub- 
normal DQ  (<  80)  but  normal  neurologic  examina- 
tion. Infants  with  CLD  had  a  neurologic  impair- 
ment rate  of  29%.  This  was  significantly  higher 
than  for  the  group  requiring  supplemental  oxygen 
for  <  2  days  (6%),  and  3-27  days  (9%)  (p  <  0.001 ) 
and  could  be  attributed  to  the  high  rates  of  cerebral 
palsy  and/or  shunt-dependent  hydrocephalus. 

Children  with  CLD  also  had  significantly  lower 
Bayley  motor,  mental,  and  mean  scores,  compared 
to  subjects  in  the  other  two  groups.  Their  mean 
(SD)  motor  score  was  81  (20)  compared  to  94  (24) 
infants  in  oxygen  for  <  2  days;  and  93  (21)  for 
those  in  oxygen  for  3-27  days  (p  <  0.001).  The 
mean  mental  score  was  84  (22)  compared  to  23(  18) 
and  94  ( 16)  for  the  other  two  groups  (p  <  0.05). 

In  summary,  VLBW  infants  with  CLD  who  re- 
quire oxygen  for  >  28  days  have  a  poorer  outcome, 
including  a  higher  rate  of  cerebral  palsy  (15%)  and 
other  neurodevelopmental  disorders,  compared  to 
infants  with  less  severe  lung  disease.  Most  infants 
with  mild-to-moderate  lung  disease  requiring  oxy- 
gen for  <  28  days  are  indistinguishable  from  their 
healthy  counterparts  by  2  years  of  age.  The  infant 
with  CLD  is  at  highest  risk  in  the  VLBW  popula- 
tion. In  addition  to  the  problems  associated  with 
extreme  immaturity,  complicated  birth,  low  Apgar 
scores.  IVH.  and  neonatal  infection,  these  babies 
bear  the  additional  burden  of  prolonged  ventilator 
and  oxygen  dependence  and  repcateti  episodes  of 
hypoxia  and  acidosis.  The  combination  of  these 
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coniplicaticins  (particularly  hypoxic,  ischemic  cere- 
bral injury  and  IVH)  iiia\  conipouiul  the  risk  ami 
account  tor  the  high  incidence  ot  cerebral  palsy. 
Thus.  22  of  the  infants  with  CLD  also  had  Grades  3 
or  4  IVH.  among  whom  8  (?i6Vc)  developed  cere- 
bral palsy.  Thus,  the  combination  of  severe  IVH 
and  CLD  was  a  strt^ng  risk  lactor  for  the  develop- 
ment of  cerebral  palsy. 

The  ass9ciation  between  CLD.  cerebral  palsy, 
and  other  forms  of  neurt)logic  impairment  has  been 
well-recognized  (Table  3).  Among  21  VLBW  in- 
fants with  BPD,  Vohr  and  colleagues'"  reported 
24' r  with  cerebral  pals\  and  ^^'^i  with  neurologic 
impairments.  In  16  BPL^  infants  followed  by  Yu  et 
al.'"  18%  were  found  lo  have  cerebral  palsy  and 
29%  neurologic  impairment.  Sauve  and  Saigal'"  de- 
scribe cerebral  palsy  in  1  1%  and  neurologic  impair- 
ment in  17%  of  a  cohort  of  141  infants  with  BPD. 
85%  of  whom  had  birthweights  <  1300  g.  Koops  et 
al'\  in  1984.  reported  13%  cerebral  palsy  and  27% 
neurologic  impairment  in  30  infants  with  BW  rang- 
ing from  540  to  2380  g.  Saigal  and  O'Brodovich-" 
have  analyzed  long-term  outcome  in  a  1987  re- 
view. 


Table  3.  Incidence  of  Cerebral  Palsy  and  Neurologic  Impair- 
ment in  Low  Birthweight  Infants  with  Broncho- 
pulmonary Dysplasia 


BPD  Outcome 


Author 


Year 


n 


Cerebral        Neuro- 
Palsy         impaired 


Vohr  et  al  " 
Yuetaf 
Sauve  et  al''' 
Koops  et  al'' 
Skidmore  et  al''' 

*85%<  1.5  kg. 
tO.54-2.38  kg. 


1982  21  24%  35% 

1983  16  18%  29% 
1985  141  11%  17% 

1984  30*  13%  27% 
1990  52t  15%  29% 


The  long-term  outcome  for  infants  with  CLD 
clearly  depends  on  the  extent  of  their  initial  dis- 
ease. A  small  but  significant  proportion  of  infants 
with  severe  BPD  die  prior  to  or  shortly  after  dis- 
charge from  the  hospital.  Although  often  labeled  as 
episodes  of  sudden  infant  death,  this  outcome  may 


be  associated  with  acute  respiratory  infections  or 
cardiac  failure  triggered  by  myocardial  ischemia  or 
hypoxia-induced  pulmonary  hypertension.  The  pro- 
longed hospital  stay  of  severely  affected  infanls 
can  be  reduced  considerably  if  oxygen  can  be  ad- 
ministered at  home,  and  this  should  be  encouraged 
if  the  home  and  parental  environment  are  suitable. 
Benefits  include  improved  parent-infant  bonding 
and  sensory  stimulation,  significant  monetary  sav- 
ings, and  decreased  risk  of  nt)socomially  acquired 
respiratory  pathogens. 

Although  the  oldest  survivors  of  BPD  are  barely 
20  years  old.  increasing  numbers  of  studies  are  be- 
ing reported  regarding  the  neurodevelopmental  and 
pulmonary  outcomes  of  these  infants. 

Pulmonary  Function  and  Morbidity 

Goldman  et  aL'  performed  pulmonary  function 
studies  on  high-risk  infants  during  the  first  week  of 
life  to  predict  development  of  CLD.  All  enrolled 
infants  required  mechanical  ventilation  for  RDS  for 
at  least  3  days.  No  differences  in  lung  compliance 
and  distribution  of  ventilation  were  seen  between 
the  infants  who  did  and  did  not  develop  BPD. 
However,  mean  pulmonary  resistance  in  the  infants 
who  developed  BPD  was  approximately  90%  high- 
er than  that  of  those  who  did  not.  Unfortunately, 
these  data  only  allow  us  to  speculate  whether  high 
resistance  is  contributing  to  lung  damage  or  is  an 
early  manifestation  of  CLD  itself.  High  resistance 
could  result  from  mechanical  airway  damage  or 
peribronchial  edema  secondary  to  heart  failure.  I 
believe  that  we  must  have  considerably  more  ev- 
idence and  a  clearer  understanding  of  underlying 
mechanisms  before  early  elevation  of  pulmonary 
resistance  can  be  used  as  a  marker  for  BPD. 

Bronchodilators  play  an  important  role  in  acute 
management  of  BPD  indicating  that  the  airway  ob- 
struction is  at  least  partially  reversible.  However, 
the  impact  of  such  therapy  on  long-term  outcome  is 
unknown.  In  addition,  theophylline  has  other  po- 
tential effects  than  bronchodilation.  such  as  a  de- 
crease in  respiratory  pauses  and  enhanced  di- 
aphragmatic contractility. -- 

Healthy  preterm  infants  have  been  thought  to 
have  insufficient  bronchial  smooth  muscle  to  pro- 
duce bronchoconstriction  of  any  consequence,  al- 
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though  objective  data  arc  lacking.  Nonetheless,  in- 
t'aiits  with  BPD  do  have  pathologic  evidence  of 
bronchiolar  smooth-imiscle  hypertrophy.  Mo- 
toyama  et  aF'  evaluated  dcllation  flow-volume 
curves,  a  possibly  sensitive  index  of  lower  airway 
function,  in  sedated,  ventilated  preterm  infants  de- 
veloping BPD.  Airway  reactivity  was  defined  by  an 
increase  in  respiratory  flow  at  a  flxed  volume  in  re- 
sponse to  a  bronchodilalor  aerosol.  Infants  with  de- 
veloping chronic  lung  injury  demonstrated  relief  of 
lower  airway  obstruction  by  2-4  weeks  postnatal 
age.  Severity  of  airway  reactivity  at  initial  testing 
during  the  first  postnatal  weeks  seemed  to  predict 
the  severity  and  duration  of  respiratory  failure. 
Thus,  increased  airway  reactivity  may  lead  to  bron- 
chospasm  early  in  postnatal  life.  Its  role  in  the 
longer-term  outcome  of  BPD  needs  further  study. 

Sauve  and  Singhal'"  compared  the  outcome  of  a 
large  number  of  infants  diagnosed  as  having  BPD 
between  1975  and  1982  to  outcome  of  infants  in  a 
control  group  who  also  received  assisted  ventila- 
tion during  the  first  week  of  life.  Lower  respiratory 
tract  infections  and  rehospitalization  for  respiratory 
illnesses  were  significantly  more  common  in  the 
BPD  group,  but  only  during  the  first  year  of  life. 
The  incidence  of  multiple  upper  respiratory  in- 
fections appeared  comparable  between  groups  at  all 
ages.  These  data  are  encouraging  for  longer-term 
morbidity  and  in  keeping  with  the  tendency  for 
BPD  to  improve  over  time.  Myers  et  al-^  pros- 
pectively compared  the  frequency  and  severity  of 
subsequent  respiratory  illness  over  the  first  12 
months  between  preterm  infants  with  or  without  a 
history  of  RDS  and  term  infants.  Overall,  preterm 
infants  did  not  demonstrate  an  inherent  risk  for  sub- 
sequent respiratory  infection  when  compared  to 
term  infants.  However,  infants  who  survived  RDS 
and  developed  residual  lung  disease  had  both  more 
frequent  and  more  severe  respiratory  illnesses  over 
the  flrst  year.  The  data,  thus,  also  suggest  that  later 
respiratory  morbidity  is  a  consequence  of  residual 
pulmonary  abnormalities  apparent  on  chest  radio- 
graph at  discharge  from  the  nursery  and  consistent 
with  most  diagnostic  criteria  for  BPD. 

Concurrent  with  these  evaluations  of  persistent 
respiratory  symptoms  in  infants,  lung  function  has 
been  systematically  determined  in  infants  vvilh 
CLD.  Tepper  et  al  '  evaluated  lung  function  during 


the  first  year  of  life  in  infants  with  BPD  (as  di- 
agnosed by  Northway's  criteria)  and  age-matched 
controls.  In  addition  to  a  low  functional  residual  ca- 
pacity (FRO.  BPD  infants  at  1  year  of  age  had  flat- 
tened expiratory  flow-volume  curves  and  very  lim- 
ited expiratory  flow  reserve  during  rapid  chest 
compression  (Fig.  2).  These  data  suggest  abnormal 
functional  development  in  the  infants'  small  air- 
ways. Unlike  the  alveoli,  the  absolute  number  of 
conducting  airways  is  fixed  prior  to  the  neonatal 
period.  It  is  unclear  whether  the  documented 
changes  in  resistance  are  the  result  of  neonatal  lung 
injury  or  whether  the  early  injury  has  interfered 
with  subsequent  normal  growth  and  development. 
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Fig.  2.  A.  Flow-volume  curve  typical  of  normal  control  in- 
fant. B.  Flattened  flow-volume  curve  and  reduced  FRC 
typical  of  infants  with  bronchopulmonary  dysplasia. 

Gerhardt  et  aH"  measured  pulmonary  function 
over  the  first  ."^6  months  in  .^9  infants  with  BPD  and 
40  in)rmal  growing  infants  who  served  as  controls. 
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Many  ot  the  iiitanis  with  BPD  did  luivc  milder  dis- 
ease defined  as  28  days  of  supplemental  oxygen 
and  persistent  but  nonspecific  radiographic  chang- 
es. FRC  corrected  tor  BW  v\as  decreased  over  the 
first  6  months,  but  then  normalized  with  no  ev- 
idence of  gas  trapping  (Fig.  3).  Lung  compliance 
values  were  initially  subnormal  but  increased  to 
near  normal  levels  by  3  years.  The  close  correlation 
between  compliance  and  weight  suggests  that  the 
observed  increase  in  compliance  with  age  is  related 
to  lung  growth  and  formation  of  nev\  alveoli.  Final- 
ly, pulmonary  conductance  values  were  initially 
low.  increased  little  during  the  first  6  months,  but 
then  reached  857^  of  normal  levels  by  3  years  of 
age.  Thus,  increased  pulmonary  resistance  did  not 
appear  to  be  a  major  residual  problem  in  those  in- 
fants whose  pulmonars  function  was  steadily  im- 
proving with  growth. 
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Fig.  3.  Sequential  measurements  of  functional  residual 
capacity  (FRC)  expressed  as  FRC/kg  bodyweight  (with 
standard  error  of  the  mean,  or  SEM  indicated,  by  vertical 
bars)  in  infants  with  chronic  lung  disease.  For  compari- 
son, the  curve  for  normal  infants  with  95%  confidence 
limits  is  also  shown.  The  data  indicate  that  FRC  cor- 
rected for  weight,  increases  to  the  normal  range  by  ap- 
proximately 18  months  in  this  group  of  infants.  (Re- 
printed, with  permission,  from  Reference  26.) 


in  many  of  the  groLip.  Thus,  at  least  for  some  chil- 
dren, abnormal  pulmonary  function  does  not  re- 
solve in  early  childhood.  Persistence  of  airway 
damage  is  the  likely  cause  of  their  airway  hyper- 
activity and  frequent  wheezing  epi.sodes.  Although 
a  high  incidence  of  asthma  has  been  reported  in  the 
families  of  infants  with  BPD.  suggesting  a  genetic 
predisposition  to  airway  hyperactivity  in  BPD.  this 
remains  controversial.  Bertrand  et  al-^  have  studied 
7-to- 12-year-old  survivors  t)f  RDS.  comparable 
preterm  infants  without  history  of  lung  disease,  anti 
their  siblings.  Airway  reactivity  was  positive  in 
both  preterm  groups  compared  to  term  infants.  The 
authors  concluded  that  (1)  infants  with  RDS  have 
evidence  of  airway  reactivity  as  a  consequence  of 
RDS  severity  and  its  treatment  and  (2)  preterm  in- 
fants v\ithout  RDS  have  airflow  limitation  related 
to  familial  airway  hyperreactivity.  This  led  the  in- 
vestigators to  speculate  that  unexplained  premature 
labor  may  share  a  common  pathway  with  airway  la- 
bility. In  .severely  affected  children,  pulmonary  vas- 
cular resistance  may  remain  elevated,  and  fall  in  re- 
sponse to  oxygen  administration,  resembling  the 
findings  in  adults  with  COPD. 

Gerhardt  et  nV''  measured  lung  function  before 
discharge  in  53  infants  who  had  been  mechanically 
ventilated  from  the  first  day  of  life — 26  by  conven- 
tional ventilation  and  27  by  high-frequency  ventila- 
tion. The  groups  were  similar  in  terms  of  BW.  GA. 
age,  and  duration  of  ventilatory  and  oxygen  sup- 
port. The  infants  were  tested  at  age  10  weeks  (Ta- 
ble 4).  Both  groups  still  had  abnormal  lung  func- 
tion with  decreased  compliance  and  increased 
resistance.  However.  FRC  was  in  the  normal  range. 
No  significant  differences  were  found  within  the 
groups,  refuting  the  hypothesis  that  high-frequency 

Table  4.  Comparison  of  Pulmonary  Function  at  Follow-Up 
in  Low-Birthweigtit  Babies  Ventilated  by  Conven- 
tional   Ventilator    (CVi    and    Oscillator    (HFOV) 


Several  years  earlier.  Smyth  and  co-workers" 
studied  9  infants  with  BPD  at  a  mean  age  of  8 
years.  In  this  group,  persistent  respiratory  symp- 
toms were  common  with  both  air  trapping  and  ab- 
normal chest  radiographs.  Spirometry  demonstrat- 
ed evidence  of  airway  obstruction,  and  salbutamol 
aerosol  inhalation  improved  forced  expiratory  tlow 


Subject 
Variable 


CV 

(n  =  26) 


HFOV 

(n  =  27) 


Weight  (g)                                            1830  1340  1830  ±  290 

Age(d)                                                      68  ±24  70  ±31 

Lung  compliance  (inL/cm  H:0)            1.6.'^  ±  24  1.54  ±  0.36 

Airways  resistance  (cm  H:0  ■  s  ■  L  ' )      102  ±  24  107  ±  36 


Functional  residual  capacity  (mL) 


30.6  ±  6      28.2  ±  10.7 


RESPIRATORY  CARE  •  JULY  "91  Vol  36  No  7 


713 


LONG-TERM  OUTCOME  OF  RESPIRATORY  DISTRESS 


oscillatory  ventilation  reduces  the  risk  of  lung  dam- 
age to  preterm  infants. 

Lebourges  and  colleagues-"  re-evaluated  pul- 
monary function  in  childhood  (ages  5-7  y)  in  19 
prematurely  bom  infants  (including  3  with  BPD) 
who  had  required  mechanical  ventilation  from  3  to 
\^  days.  The  follow-up  evaluation  revealed  elevated 
resistance  and  reduced  dynamic  compliance.  From 
infancy  to  childhood,  elevated  resistance  persisted 
with  mean  (SD)  values  of  9.33  (2.51)  vs  6.5  (1.52) 
cm  H:0  ■  L  •  s  .  p  <  0.01 ),  and  dynamic  compliance 
was  significantly  reduced  compared  to  term  infants. 
Maximum  flow  at  FRC  was  significantly  reduced, 
but  diffusing  capacity  for  carbon  monoxide  was 
similar  to  controls.  Thus,  persistent  abnormalities 
in  pulmonary  function  were  documented,  including 
increased  airway  obstruction  but  not  hyperinflation. 
Ongoing  evaluations  are  needed  to  document  the 
natural  history  of  this  disorder. 

Northway  et  al"'  studied  22  survivors  of  Stage  IV 
BPD,  who  had  been  treated  in  the  neonatal  in- 
tensive care  unit  between  1965  and  1973,  at  age  17 
years  (range  13.9-23.1  y)  for  late  outcome.  The  in- 
fants had  been  bom  at  a  mean  (SD)  GA  of  33  (1) 
wk  and  a  mean  (SD)  BW  of  1,810  (150)  g.  Control 
groups  consisted  of  20  age-matched  subjects,  born 
prematurely  without  lung  disease,  and  48  normal- 
aged  matched  nonsmoking  subjects.  The  assessment 
was  performed  by  questionnaire  interview,  phy- 
sician examination,  chest  x-ray,  electrocardiogram, 
echocardiogram  with  Doppler,  pulse  oximetry,  cap- 
illary blood  gas,  serum  IgE,  radioallergosorbent  test 
(RAST),  and  pulmonary  function  tests.  The  ex-BPD 
subjects  were  significantly  shorter  than  the  ex- 
premature  or  normal  subjects.  Furthemiore,  the 
young  adults  with  prior  BPD  have  sequelae  of  air- 
flow obstruction,  hyperinflation,  reactive  airway  dis- 
ease, and,  perhaps,  even  parenchymal  disease  up  to 
23  years  after  the  clinical  onset  of  disease  (Table  5). 

Surfactant  Treatment  and  Outcome 

The  short-term  effects  of  surfactant  therapy  in- 
clude improved  survival,  evidence  of  less  severe 
respiratory  distress,  a  decrease  in  air  leaks  in- 
cluding pulmonary  interstitial  emphysema  and 
pneumothorax,  and,  in  some  reports,  a  suggestion 
of  a  lower  incidence  of  CLD.  To  date,  follow-up 


Table  5.  Comparison  ot  Pulmonary  l-'unelion  anil  Incidence 
of  Reactive  Airways  Disease  (RAD)  in  .Subjects 
with  Bronchopulmonary  Dysplasia.  Prematurity 
without  BPD.  and  Controls:  A  2.VYear  Follow-up* 


Group 


FEV, 
(%  Fred) 


RVATLCC^f) 


RAD 


BPD 

76.8  ±  3.5t 

122.6  +  6.8t 

1  l/29t 

Preterm 

96.3  +  2.4 

91.9  ±6.5 

10/20 

Control 

100.4  ±  1.7 
nee  30 

97.7  ±  32.6 

14/48 

*From  Refere 

tp<0.03. 

Studies  of  randomized  controlled  trials  of  surfactant 
therapy  include  599  surviving  children  (308  experi- 
mental, 291  controls).  Of  525,  88%  have  been  fol- 
lowed, with  ages  ranging  from  12-60  months  but 
with  the  majority  followed  for  only  24  months  (Ta- 
ble 6).  Each  study  has  been  small,  with  the  excep- 
tion of  Morley,'  and  follow-up  rates  range  from  29- 
80%.  No  differences  have  been  noted  in  post- 
discharge  morbidity,  including  the  rates  of  re- 
hospitalization,  respiratory  infection,  allergy  (in- 
cluding wheezing,  skin  rashes,  and  feeding 
intolerance)  and  growth  and  neurodevelopmental 
outcome.  Dunn  et  al,  '"  in  a  small  study,  noted  an 
increase  in  major  neurodevelopmental  handicap 
among  the  surfactant-treated  group,  5  subjects  ver- 
sus 2  subjects  in  the  controls,  whereas  Vaucher  et 
al"'  reported  in  a  1990  abstract  that  more  of  the 
controls    had   developmental   delay    (41%    versus 


Table  6.     Outcome  with  Surfactant  Therapy:   A  Composite 
Profile  from  Eight  Studies* 


Surfactant 

Control 

Outcome 

n  =  308 

n  =  291 

Cerebral  palsy 

13% 

11% 

Rehospitall/ation 

39% 

44% 

Respiratory  infections 

34% 

40% 

Whee/ing 

13% 

17% 

Skin  allergy 

12% 

13% 

Food  allergy 

11% 

10% 

*  Follow-up  rate  =  8895-. 

From  References  2.  l.S,  31-36. 
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23%  of  the  experimental  group).  Vaiicher  et  al 
have  suggested  that  the  outcome  of  children  re- 
ceiving rescue  therapy  is  superior  to  prophylactic 
(delivery  room)  therapy  with  surfactant.  Six  of  35 
infants  who  received  rescue  treatment  with  natural 
surfactant  had  severe  mental  and  motor  delay  at  12 
months  compared  to  18  of  ?>?>  who  received  pro- 
phylactic therapy.  These  are  preliminary  findings 
and  longer  follow-up  is,  of  course,  necessary  to  de- 
termine the  overall  effects  of  surfactant  therapy. 

Steroid  Therapy  and  Outcome 

Steroids  have  recently  been  utilized  to  wean  in- 
fants from  assisted  ventilation  and  ameliorate  BPD. 
Only  Cummings  et  al'  report  on  follow-up  out- 
come. Thirty-six  preterm  infants  (BW  <  1.25  kg, 
GA  <  30  wk)  were  randomized  to  receive  dex- 
amethasone  for  42  days  (n  =  13),  18  days  (n  =  12), 
or  not  at  all.  At  6  months  of  age,  3  infants  in  the 
18-day  treatment  and  2  in  the  control  group  were 
still  on  oxygen,  and,  at  15  months,  4  remained  oxy- 
gen dependent.  Follow-up  to  15  months  of  age  sug- 
gested a  neurodevelopmental  advantage  for  the  in- 
fants treated  with  dexamethasone  for  42  days  as 
compared  to  the  other  two  groups  (p  <  0.05).  How- 
ever, the  few  subjects  and  trivial  differences  in  DQ 
make  this  a  preliminary  observation.  Growth  did 
not  differ  significantly  among  groups. 

Effects  of  Assisted  Ventilation  on  Outcome 

The  only  major  randomized  controlled  study  of 
ventilator  therapy  on  outcome  is  the  recent  study  of 
the  effects  of  high-frequency  oscillatory  ventilation 
(HFO)  compared  with  conventional  mechanical 
ventilation  (CMV)  in  the  treatment  of  respiratory 
failure.  As  part  of  a  multicenter  randomized  clin- 
ical trial,  327  infants  of  BW  750-2.000  g  were 
treated  with  HFO  and  compared  to  346  infants  who 
received  CMV.""  Survival  and  pulmonary  mor- 
bidity was  the  same  in  both  groups.  At  16-24 
months  post-term  age,  77%  of  survivors  were  ex- 
amined (185  HFO  and  201  CMV).'"  No  difference 
was  seen  in  growth,  rate  of  rehospitalization  (48% 
versus  46%),  respiratory  status,  and  cerebral  palsy 
(1 1%  versus  10%);  however,  a  higher  incidence  of 
hydrocephalus  was  present  in  the  HFV  group  (12% 
versus  6%,  p  <  0.05).  The  proportion  of  children 


w  ith  a  normal  neurodevelopmental  status  (Bayley  > 
83  and  no  major  neurologic  defect)  tended  to  be 
less  in  the  HFV  group  than  in  the  CMV  group 
(57%  versus  66%,  not  a  statistically  significant  dif- 
ference). A  higher  rate  of  Grades  3  and  4  IVH  in 
the  HFV  group  (23%;  versus  ll%i)  accounted  for 
this  difference  (Table  7). 


Table  7.  Outcomes  Observed  in  Follow-up  of  Assisted  Ven- 
tilation by  Conventional  Ventilator  (CV)  and  High 
Frequency  Oscillator  (HFO)* 


Outcome 


CV 

(n=  185) 


HFO 

(n  =  201) 


Grade3&4IVH  11% 

Rehospitalization  46% 

Cerebral  palsy  10% 

Hydrocephalus  6% 

Normal  neurodevelopment  65% 


23% 

<0.05 

48% 

NS 

11% 

NS 

12% 

<0.05 

54% 

NS 

Data  from  References  37-39 


Pulmonary  Hypertension — ECMO  and 
Hyperventilation 

In  addition  to  primary  pulmonary  hypertension, 
many  respiratory  disorders  (including  respiratory 
distress  syndrome,  pneumonia,  meconium  aspira- 
tion syndrome,  and  congenital  diaphragmatic  her- 
nia) have  been  associated  with  pulmonary  hyper- 
tension. In  the  past  5  years,  infants  not  responding 
to  conventional  management  with  various  ap- 
proaches (including  mechanical  ventilation,  paraly- 
sis, pressor  agents,  and  pharmacologic  manipula- 
tion of  pulmonary  flow)  have  been  subjected  to 
extracorporeal  membrane  oxygenation  (ECMO). 
The  ECMO  registry  now  includes  data  from  72 
centers  and  over  4.000  infants  who  have  been  treat- 
ed. The  survival  rate  for  infants  with  a  predicted 
mortality  of  >  80%f  (criteria  for  ECMO)  has  been 
84%.  Unfortunately,  there  is  a  paucity  of  in- 
formation about  both  short-  and  long-term  outcome 
following  ECMO.  Glass  et  aV  noted  that  65%;  of  a 
group  of  45  infants  treated  with  ECMO  were  nor- 
mal at  1  year  and  Schumacher  et  aP  have  reported 
that  80%  of  92  infants  followed  were  normal  at 
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ages  ranging  between  1  and  7  years.  Lott  et  al" 
confirmed  continued  reduced  flow  in  the  right  in- 
ternal carotid  arter\  and  a  consistent  reduction  in 
tiie  ainphlude  of  right  hemispheric  long-latency 
evoked  potentials.  Few  global  hemispheric  prob- 
lems have  been  observed. 

The  outlook  for  conventionally  managed  infants 
w  ith  pulmonary  hypertension  is  dismal.  Bifano  and 
Pfannenstiel^-  noted  that  only  49Vc  of  21  infants 
were  normal  at  12  months  among  the  129c  sur- 
viving pulmonary  hypertension  treated  with  hyper- 
ventilation. They  observed  that  those  infants  with 
the  poorest  outcome  had  been  hyperventilated  the 
longest  (mean  [SDJ  =124  [52J  h  for  abnormal  ver- 
sus 60  [53]  h  for  normal,  p  <  0.01).  Sell  et  al''  re- 
ported a  60%  incidence  of  neurodevelopmental  ab- 
normality accompanied  by  an  unexplained  20% 
incidence  of  sensorineural  hearing  loss  among  sur- 
vivors of  persistent  fetal  circulation.  Hendricks- 
Munoz  et  al"  documented  a  52. .5%  sensorineural 
hearing  loss  among  40  such  infants.  Hearing  loss 
was  again  correlated  with  duration  of  ventilation 
and  alkalosis. 

These  are  disturbing  outcome  data.  Many  con- 
founding variables  may  be  present,  not  the  least  of 
which  is  the  fact  that  these  infants  may  have  been 
severely  hypoxic  for  periods  of  time.  Nonetheless, 
despite  the  fact  that  it  has  never  been  subjected  to 
rigorous  study,  hyperventilation  is  widely  used. 
Hypocapnia  results  in  cerebral  vasoconstriction,  re- 
ducing cerebral  blood  flow  by  almost  one  third. 
EEC  abnormalities  are  produced  in  adults  with  hy- 
pocapnia. and  increased  brain  lactate  is  noted  in  an- 
imals. In  light  of  the  developmental  outcome  noted, 
albeit  from  uncontrolled  studies,  it  appears  prudent 
to  re-evaluate  this  practice.  Furthermore,  it  is  im- 
perative that  ECMO  centers  a  priori  identify  con- 
trol subjects  who  can  be  followed  in  parallel  with 
the  subjects  undergoing  bypass. 

In  Conclusion 

The  oldest  survivors  of  chronic  neonatal  lung  in- 
jury are  only  20  years  old.  Therefore,  long-term 
outlook  well  into  adult  life  must  remain  spec- 
ulative. As  we  await  the  results  of  long-term  pros- 
pective studies  of  large  numbers  of  BPD  survivors, 
other  factors  such  as  intection,  atopic  disposition. 


smoking,  air  pollution,  and  socioeconomic  factors 
ine\  itably  complicate  the  issue.  The  impact  of  sur- 
factant, steroids,  high-frequency  ventilation,  and 
ECMO  is  becoming  apparent.  The  prevention  of 
further  respiratory  insult  during  childhood  becomes 
mandatory  in  these  patients.  The  use  of  both  stan- 
dard and  new  pediatric  immunizatit)ns  should  be 
important  to  minimize  further  airway  injury.  RSV 
infection  may  prove  lethal  for  oxygen-dependent, 
hospitalized  infants  with  BPD.  Both  parental  smok- 
ing and  smoking  by  the  patients  themselves,  as 
they  grow  into  adolescence,  should  be  vigorously 
discouraged.  Overall,  the  short-  and  medium-tenn 
outlook  for  pulmonary  function  in  the  majority  of 
survivors  of  prematurity  with  chronic  neonatal  lung 
disease  remains  very  encouraging. 
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Fanaroff  Discussion 

Mathews:  We  would  be  remiss  if  we 
didn't  mention  another  factor,  the 
remarkable  retardation  of  growth  that 
occurs  with  smoking.' 

1.  Rubin  BK.  Exposure  of  children  with 
csstic  fibrosis  to  environmental 
smoke.  N  Engl  J  Med  1990:323:782- 
788. 

Fanaroff:  I  think  that's  a  point  well 
taken.  There  is  abundant  evidence 
now  that  children  with  respiratory 
disorders  are  adversely  affected  by 
passive  smoking.  I  said  we  would 
endorse  a  nonsmoking  environment 
for  the  graduates  of  neonatal  and 
intensive  care  units. 
Goldberg:  Can  you  just  comment  on 
the  outcome  of  the  'micronate'  (<  750 
g).  Also,  you  mentioned  that  days  on 
mechanical  ventilation  seems  to  be  an 
important  time  cutoff  in  terms  of 
outcome.  Can  we  assume  that  if  we 
shortened  that  time  these  infants 
would  have  a  better  outcome? 
Fanaroff:  The  numbers  on  micro- 
nates  are  extremely  small  and  there 
is  inherent  bias — most  of  the  survi- 
vors have  been  females,  and  the 
follow-up  period  for  these  micronates 
has  been  short.'  Overall,  there  is  a 
handicap  rate  of  one  in  three.  Whether 
the  functional  handicap  rate  is  going 
to  be  higher  remains  to  be  seen. 
Maureen  Hack  is  coordinating  a 
regional  follow-up  that  includes  five 
centers,  so  she  may  be  able  to  get 
a  bit  of  feel  about  the  follow-up  in 
these  micronates.  1  think  that's  one 
of  the  ethical  dilemmas  that  we  have 
to  face.  Surprisingly,  during  the 
conference    that    Ron    (Goldberg) 


alluded  to.  three  posters  were  pres- 
ented looking  at  the  survival  rate  of 
low-birthweight  babies;-  the  50% 
mark  is  at  about  25  weeks  gestation. 
The  second  point  about  the  definition 
of  bronchopulmonary  dysplasia  is  one 
that  could  result  in  a  very  long  debate 
at  this  meeting.  In  the  manuscript,  I 
presented  past  definitions — 
Northway'  followed  by  Bancalari'' — 
and  then  suggested  that  Shennan  et 
al's  definition  actually  makes  a  lot 
more  sense.-^  particularly  as  more  of 
these  smaller  babies  survive,  mainly 
on  oxygen  requirements  at  a  corrected 
age  of  36  weeks  gestation.  If  you  look 
at  this  data  from  Toronto,  this  had 
a  very  good  predictive  value  so  that 
if  you  didn't  require  oxygen  at  a 
corrected  age  of  36  weeks  gestation. 
there  was  a  909c  chance  that  there 
would  be  a  normal  outcome.  On  the 
other  hand,  if  you  still  had  an  oxygen 
requirement  at  36  weeks  corrected 
age.  you  are  looking  at  handicap  rate 
approaching  60%.  This  looked  like 
a  nice,  simple  way  of  sorting  out  the 
data. 
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Hazinski:  Isn't  oxygen  dependence 
just  a  marker  for  babies  with  severe 
disease  and  lower  birthweight?  How 
can  you  adjust  for  that  factor?  Let 
me  ask  a  general  question:  How  do 
you  assess  the  importance  of  one 
factor,  when  it's  so  closely  linked  to 
another  factor?  These  data  ought  to 
be  susceptible  to  multiple  linear- 
regression  and  logistic-regression 
models. 

Fanaroff:  Tom  (Hazinski).  you  are 
assuming  that  there  is  a  good  data- 
base, and  I  think  the  major  problem 
is  that  there  is  a  very  limited  database. 
If  there  were  a  database.  I  think  you 
would  be  able  to  perform  these 
different  kinds  of  analysis  that  you're 
calling  for.  I  think  our  database  is  very 
crude  and  that's  why  we  are.  at  the 
moment,  just  'lumpers.'  You  are 
absolutely  right,  there  are  so  many 
variables — if  you're  ventilator- 
dependent,  you  have  a  much  greater 
chance  of  becoming  infected  because 
you're  going  to  have  all  sorts  of 
invasive  procedures  done  to  you.  So, 
I  think  that  the  follow-up  process  is 
at  a  very  crude  stage,  and  we  need 
to  extend  the  data. 

Barnes:  What  are  some  of  the 
answers?  Do  you  think  a  national 
registry  with  a  better  described 
population  and  more  definition  would 
be  valuable?  I  noticed  you  said 
conventional  ventilation  vs  high 
frequency,  but  there  wasn't  much 
breakdown  on  the  type  of  conven- 
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tional  \cniilalion  vs  the  l\pe  of  high- 
frequency  ventilation  thai  \\as  used — 
kind  of  broad  categories. 
Fanaroff:  A  national  registry  would 
be  fine  as  long  as  we  arc  all  talking 
about  unifomi  definitions.  In  the  data 
that  I  showed,  the  only  controlled  trial 
is  the  HIFI  study.'  -  In  other  studies, 
you  may  get  the  initial  reports,  the 
survival  data,  how  many  bled  through 


their  head,  and  how  many  had  air 
leaks,  but  there  may  be  no  other  data 
of  any  consequence. 

1.  Rigatto  H.  Davi  M.  Frant?  ID  III,  et 
al.  The  HIFI  Study  Group.  High- 
frequency  oscillatory  ventilation 
compared  with  conventional  mechan- 
ical ventilation  in  the  treatment  of 
respiratory  failure  in  prelemi  infants. 
N  Engl  J  Med  1989;320:88-9.\ 


Rigatto  H,  Davi  M,  Frant/  ID  III.  el 
al.  The  HIFI  Study  Group.  High- 
frequency  oscillatory  ventilation 
compared  with  conventional  iniennit- 
tent  mechanical  ventilation  in  the 
treatment  of  respiratory  failure  in 
preterm  infants:  Neurodevelopmental 
status  at  16  to  24  months  of  postterm 
age.  J  Pediatr  \990:\\l:9?:9-945. 
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Respiratory  Care  in  the  Transport  of 
Critically  111  and  Injured  Infants  and  Children 

John  W  Salycr  RRT 


Introduction 

The  Iranspoit  of  sick  and  injured  pediatric  and 
neonatal  patients  involves  many  disciplines  within 
the  health-care  community.  Reasons  for  transport 
and  transport  systems  described  in  the  literature  are 
shown  in  Table  1.  In  this  paper  I  discuss  aspects 
of  respiratory  care  pertinent  to  interhospital 
transport. 

The  number  of  agencies  providing  interhospital 
transportation  for  sick  and  injured  infants  and 
children  appears  to  have  grown  prodigiously  over 
the  last  20  years — probably  due  largely  to  the 
increasing  concentration  of  specialized  resources  in 
regional  centers.  Considerable  evidence  suggests 
that  skilled,  rapid  transport  to  specialized  care 
facilities  results  in  improved  outcome. ^-^ 

History 

Means  of  transporting  the  iU  and  injured  have 
been  described  for  more  than  two  millcnia.  The 
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Gospel  according  to  the  physician  Luke  (5:18-19) 
reveals: 

And  behold,  men  brought  in  a  bed  a  man  which  was 
taken  with  a  palsy:  And  they  sought  means  to  bring 
him  in  and  to  lay  him  before  Him  (Jesus).  And  when 
they  could  not  find  by  what  way  they  might  bring  him 
in  because  of  the  multitude,  they  went  upon  the  housetop, 
and  let  him  down  through  the  tiling  with  his  couch  into 
the  midst  before  Jesus. 

Thus,  they  had  transported  this  patient  that  he  might 
receive  healing. 

Table  1.  Reasons  and  Services  for  Transporting  Sick  and 
Injured  Patients 

Reasons  To  Transport 

Primary  transport — transport  from  the  scene  of  accident  or 
injury  to  a  health  care  facility 

Secondary  transport — interhospital  transport  for  the  provision 

of  specialized  services  not  available  at  referring  facility  (eg, 
specialized  trauma  or  critical  care) 

Back  transport — transport  back  to  the  referring  facility  when 
specialized  services  are  no  longer  needed  or  in  the  event  that 
the  patient  has  died 

Interhospital  transport  for  economic  reasons  (from  private  to 
publicly  funded  facilities) 

Intrahospital  transport  to  areas  of  the  hospital  where  special 
services  can  be  performed  (eg,  surgical  and  diagnostic 
procedures) 

Types  of  Transport  Services 

Publicly  operated  emergency  medical  services  (EMS),  such  as 
fire-department  rescue  squads  composed  of  paramedics  and 
emergency  medical  technicians 

Privately  operated  ambulance  companies 

Hospital-based  transportation  services  (often  called  mobile 
intensive  care  services) 
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Abbreviations  Used  in  This  Paper 

AAP 

—  American  Academy  of  Pediatrics 

ACLS 

—  Advanced  cardiac  life  support 

BP 

—  Blood  pressure 

ENfl 

—  Electromagnetic  interference 

KIT 

—  Endotracheal  tube 

FAA 

—  Federal  Aviation  Administration 

F102 

—  Fractional  inspired  oxygen 

concentration 

ICU 

—  Intensive  care  unit 

NICU 

—  Neonatal  intensive  care  unit 

NRP 

—  Neonatal  Resuscitation  Program 

PALS 

—  Pediatric  advanced  life  support 

PaC02 

—  Arterial  carbon-dioxide  tension 

PelC02 

—  End-tidal  carbon-dioxide  tension 

PICU 

—  Pediatric  intensive  care  unit 

P102 

—  Inspired  oxygen  tension 

RCP 

—  Respiratory  care  practitioner 

Through  the  centuries,  many  vehicles  and  devices 
have  been  described  for  the  transporting  of  patients 
to  hospitals — litters,  sedans,  carts,  wagons,  coaches, 
post-chaises,  gigs,  flys,  and  cabs.  In  the  19th  century, 
hospitals  in  metropolitan  London  recognized  the 
importance  of  getting  patients  to  their  facilities  and 
modified  their  admission-day  scheduling  practices 
to  make  it  easier  for  patients  to  utilize  public 
transportation.^ 

Important  advances  in  the  care  and  transportation 
of  injured  patients  have  resulted  from  that  most 
dismal  of  human  enterprises,  war.^'^  In  the  18th 
century,  the  Duke  of  Marbrough  arranged  for 
soldiers  wounded  during  the  Battle  of  Blenheim  to 
be  transported  to  the  hospital  "by  all  available 
wagons  from  the  surrounding  countryside."'  It  has 
been  reported''^  that  the  Franco-Prussian  War  (1 870) 
saw  the  beginning  of  air  transport  when  hot-air 
balloons  were  used  to  evacuate  160  of  the  wotinded 
from  the  siege  of  Paris;  however,  this  contention 
has  been  disputed.  1° 

The  wars  of  this  century  have  led  to  tremendous 
advances  in  rapid  transport  from  battlefield  to 
medical  facility."  One  of  the  first  reports  of  the 
use  of  heavier-than-air  craft  described  the  transport 
of  12  casualties  from  a  battlefield  in  Serbia  by  the 
French  in  1915.  World  War  II  saw  the  widespread 
use  of  aircraft  to  transport  the  injured,  and  by  1945 


the  U.S.  Army's  air  evacuation  system  had 
transported  454, (XX)  patients. '^ 

Advances  in  military  transport  and  care  of  the 
injured  have  affected  battlefield  mortality.  During 
the  Civil  War,  75%  of  the  Union  Army's  wounded 
soldiers  survived,^  whereas  during  the  Vietnam  War 
97.5%  of  those  who  reached  a  U.S.  medical  facility 
survived.* 

The  experience  gained  by  the  military  has  helped 

to  shape  civilian  transport  and  care.  1  believe  that 

the  most  important  result  has  been  the  development 

of  regional  centers   for  ttie  specialized  care  of 

critically  ill  and  injured  pediatric  and  neonatal 
patients.2^.9.'3-22 

Utilization  of  Pediatric  and 
Neonatal  Transportation  Services 

It  is  difficult  to  determine  how  many  neonatal 
and  pediatric  patients  are  transported  each  year  in 
in  the  United  States.  To  my  knowledge,  no 
comprehensive  statistics  on  national  patterns  of 
transport  services  exist.  However  some  regional 
reports  are  described  in  Table  2.2.4.5,9.14,19,20,23 

The  development  of  tertiary  care  centers  has  been 
an  important  proving  ground  for  transport  tech- 
niques. Commonly,  these  centers  are  university- 
affiliated  and  have  special  transport  teams  composed 
of  neonatal  intensive  care  unit  (ICU)  personnel.  This 
type  of  service  has  been  shown  to  be  more  effective 
in  reducing  mortality  than  have  transport  teams  not 
specially  trained.22.24.25 

At  Rainbow  Babies  and  Childrens  Hospital  (a 
university-based  pediatric  teaching  hospital  in 
Cleveland,  Ohio),  44%  of  transported  patients  go 
directly  to  an  ICU  (about  one  third  to  the  16-bed 
pediatric  ICU,  or  PICU;  and  two  thirds  to  the  38- 
bed  neonatal  ICU,  or  NICU).  Rainbow's  utilization 
of  pediatric  transport  during  1988  and  1989  is  shown 
in  Table  3. 

The  desirability  of  transporting  the  high-risk 
mother  to  a  tertiary  care  center  before  delivery 
versus  possible  postnatal  transport  of  the  infant  is 
frequently  discussed.  The  transport  of  critically  ill, 
low-birthweight  infants  is  a  difficult  and  potentially 
risky  undertaking.  Some  reports  have  concluded  that 
neonatal  mortality  is  significantly  higher  with 
postnatal  transport  than  with  antenatal  trans- 
port  15,22,26  Other  investigators  have  argued  that 


RESPIRATORY  CARE  •  JULY  '91  Vol  36  No  7 


721 


TRANSPORT  OF  THE  CRITICALLY  ILL  AND  INJURED 


Table  2.  Characteristics  of  Pediatric  Transport  Services 


Area 

No.  of 
Patients 

Length 
of  Study 

Age  of 
Patients 

Mode  of 
Transport 

%of 
Patients  Intubated 

RCP  Used  on 
Selected  Transports 

Melbourne, 
Australia* 

46 

1 1  mo 
1979-1980 

1  mo- 17  y 

Air  57% 
Ground  43% 

39% 

No 

Denver, 
Colorado' 

342 

6  mo 

1979-1980 

1  mo-I8  y 

Air  38% 
Ground  62% 

50% 

Yes 

Columbus, 
Ohio^o 

21 

7  mo 
1971 

Birth-18y 

Air  100% 

? 

No 

Birmingham, 
Alabama^ 

117 

24  mo 
1986-1988 

Birth- 15  y 

Air  54% 
Ground  46% 

68% 

Yes 

Stanford, 
California^ 

115 

24  mo 
1978-1979 

2  wk-18y 

Ground  100% 

39% 

Yes 

Salt  Lake  City, 
Utah" 

752 

32  mo 
1979-1981 

3  wk-16y 

Air  95% 
Ground  5% 

? 

No 

Adelaide, 
South  Australia''' 

379 

108  mo 
1974-1983 

Birth-18y 

Air  68% 
Ground  32% 

25% 

No 

Melbourne, 
Australia* 

158 

36  mo 

? 

Air  46% 

Ground  54% 

59% 

No 

comparing  outcome  solely  on  the  basis  of  delivery 
site  is  inappropriate  because  of  the  many  con- 
founding variables— most  notably  that  infants 
selected  for  antenatal  and  postnatal  transfer 
represent  different  populations. ^^'^^ 

Debate  aside,  antenatal  transport  is  increasing  in 
some  parts  of  the  country,  thus  reducing  the  number 
of  neonates  transferred.^^  If  this  trend  continues, 
the  demand  for  respiratory  care  practitioners  (RCPs) 
in  neonatal  transfers  may  decline.  However,  the  need 
will  not  disappear  because  many  premature 
deliveries  are  precipitous,  many  infants  are  not 
deemed  at  risk  before  delivery,  and  many  econom- 
ically disadvantaged  mothers  do  not  receive  prenatal 
care  and,  thus,  will  not  be  transported  before 
delivery. 

The  current  system  of  regional  tertiary  neonatal 
centers  and  neonatal  transport  services  has  led  to 
overcrowding  in  some  NICUs.^'  The  pressure  to 
vacate  NICU  beds  and  tlie  cost  of  providing  neonatal 
intensive  care  have  led  to  the  practice  of  "back- 
transporting"  recovering  neonates  to  their  original 
community  hospitals. 29.3o  This  practice  also  allows 
infants  to  be  placed  in  facilities  closer  to  their 
parents'  homes.  Because  many  of  these  patients 


require  oxygen  therapy  or  mechanical  ventilation, 
RCPs  commonly  participate  in  their  transport. 

National  statistics  comparing  ground  and  air 
transport  of  infants  and  children  are  not  currently 
available.  However,  the  utilization  of  air  transport 
services  is  becoming  increasingly  widespread.  At 
least  246  air  transport  services  are  in  operation  in 
the  U.S.  (1990).3i  From  1972-1988, 655,000  paUents 
were  transported  by  helicopter.32  In  1988  alone,  at 
least  120,900  patients  were  transported  by  medical 
helicopters  (neariy  15  million  mission-miles  flown), 
and  18,700  patients  were  transported  by  fixed-wing 
aircraft.  32 

Team  Composition 

The  services  used  to  transfer  pediatric  and 
neonatal  patients  to  tertiary  centers  must  be  an 
extension  of  the  critical  care  services  at  the  tertiary 
center.23.33  Crone  has  statedi^"" 


The  major  objective  of  intensive  care  for  infants  and 
children  is  to  provide  maximum  surveillance  and  support 
of  organ  systems  during  acute,  but  reversible,  life- 
threatening  illness. 
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Table  3.  Utilization  of  Transport  Services  and  Patient 

Characteristics:  Rainbow  Babies  and  Childrens 
Hospital,  Cleveland 


Number  of  Patients 

1988 

1989 

Total 

Transported 

1.368 

1,277 

2.645 

On  supplemental  oxygen 

678 

586 

1.264 

Intubated 

293 

236 

529 

By  ground  transport 

1,288 

1.188 

2,476 

By  air  transport 

101 

96 

197 

Taken  directly  to  NICU 

360 

390 

750 

Taken  directly  to  PICU 

252 

179 

431 

Patient  Ages 

Newborn- 1  year 

784 

762 

1,546 

1-5  years 

334 

252 

586 

6-10  years 

108 

95 

203 

11-15  years 

68 

59 

127 

s  16  years 

29 

24 

53 

Unknown 

66 

92 

158 

Transport  Distance 

1-40  miles 

610 

682 

1,292 

41-80  miles 

123 

134 

257 

81-120  miles 

80 

77 

157 

>  121  miles 

57 

71 

128 

Unknown 

497 

320 

817 

Average  transport  time  (min) 

125 

131 

— 

This  also  should  be  the  objective  of  the  transport 
service.  To  achieve  this  requires  that  specially 
trained  personnel,  intimately  familiar  with  neonatal 
and  pediatric  critical  care,  make  up  the  transport 
team.35 

The  issue  of  who  should  make  up  the  transport 
team  is  controversial,'  and  one  specific  combination 
does  not  appear  applicable  to  every  institution  and 
every  situation:^^  Personnel  combinations  for 
existing  transport  teams  include  two  nurses;  a  nurse 
and  an  emergency  medical  technician;  a  nurse  and 
a  physician;  a  nurse  and  an  RCP;  a  physician  and 
an  RCP;  and  a  nurse,  physician,  and  an  RCP. 

The  transport  team  must  be  composed  of  persons 
who  (1)  possess  considerable  pediatric  and  neonatal 
critical  care  experience,^^  (2)  are  rigorously  trained 
in  the  skiU  needed,' •^^•^''^^  and  (3)  participate  in 
transport  frequently  enough  to  maintain  a  high  level 
of  expcrtise.^5 


Those  caring  for  pediatric  and  neonatal  patients 
need  special  training  and  extensive  experience  as 
Crone  has  stated;^'' 

Although  principles  of  intensive  care  for  infants  and 
children  are  similar  to  those  for  adult  intensive  care, 
the  age  spectrum  from  infancy  through  adolescence 
requires  that  the  the  intensive  care  staff  have  special 
expertise. 

I  would  add  that  expertise  in  airway  and  ventilator 
management  is  a  necessity.  Because  the  transport 
service  is  an  extension  of  the  ICU,  it  must  have 
the  same  capabilities. 

Harris^*  observed  that  emergency  cardiac  care 
performed  in  a  helicopter  by  ACLS-trained 
personnel  without  flight  experience  was  substandard 
as  opposed  to  adequate  care  performed  by  fulltime 
flight  transport  personnel,  and  suggested  that 
hospital-based  helicopter  services  be  staffed  only 
with  fulltime  crew  members  extensively  trained  and 
provided  with  sufficient  opportunity  to  maintain 
their  skills. 

It  is  my  conviction  that  some  air  transport  services 
do  not  perform  enough  pediatric  and  neonatal 
transports  to  become  and  remain  skilled.  Therefore, 
such  services  need  to  supplement  their  regular  crews 
with  specially  trained  and  experienced  practitioners. 

Some  transport  services  have  developed  separate 
teams  for  adult  and  pediatric-neonatal  transport 
composed  of  specially  trained  nurses  and  emergency 
medical  technicians.  In  addition,  RCPs  (and 
sometimes  resident  physicians  and  additional 
nurses)  are  sometimes  pulled  from  ICUs  for  neonatal 
and  pediatric  transports.  The  senior  pediatric  house 
officer  may  act  as  team  coordinator  and  determine 
the  team  makeup  for  a  specific  transport.  An  RCP 
will  usually  be  a  part  of  the  team  if  an  intubated 
patient  is  to  be  transported,  if  intubation  is 
anticipated,  or  if  respiratory  instability  is  suspected.' 
In  one  study,''^  45%  of  all  patients  transported 
required  the  services  of  an  RCP.  In  a  series  of 
neonatal  patients  transported  in  France,  40% 
required  intubation.'*^ 

Although  duties  may  vary,  the  RCP  is  an 
established  member  of  many  neonatal  and  pediatric 
transport  ieams,'.9.'6.23.24,35.36,39.4o,42,43,45^9  and  duties 

include  (1)  assembling  and  checking  respiratory 
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equipment,  (2)  assessing  the  patient's  respiratory 
condition,  (3)  managing  the  airway,  (4)  adminis- 
tering oxygen  or  managing  the  ventilator,  (5) 
monitoring  the  patient's  respiratory  status,  and  (6) 
assisting  other  team  members  as  needed.  Teams 
lacking  an  RCP  invariably  have  another  team 
member  skilled  in  airway  management  and 
mechanical  vcntilation.^o.^i 

In  a  recent  survey,^^  50%  of  responding  services 
indicated  that  RCPs  are  involved  in  their  transports 
of  critically  ill  infants.  In  another  survey  (323 
pediatric  and/or  neonatal  special  care  facilities),'" 
55%  included  an  RCP  on  the  transport  team. 

The  requisite  training  for  team  members 
(including  RCPs)  has  been  described  by  the 
American  Academy  of  Pediatrics  (AAP):^^ 


All  transport  team  members  should  complete  a  planned 
formal  training  program  approved  by  the  medical  director 
and  supplemented  by  inservice  practical  training.  The 
course  should  be  of  sufficient  duration  and  content  to 
cover  all  responsibilities  related  to  the  care  and 
monitoring  of  pediatric  patients  during  transport, 
technical  skills  required  for  emergency  management, 
operation  of  transport  equipment,  adaptation  to  the 
physical  environment  of  transport  vehicle,  and  physi- 
ologic consequences  of  the  transport  on  the  patient. 

The  Guidelines  mandate  that  RCPs  have  at  least 
1  year  of  experience  in  pediatric  critical  care.  I 
further  submit  that  RCPs  engaging  in  transport 
should  be  certified  in  the  AAP's  Pediatric  Advanced 
Life  Support  (PALS)  and  the  American  Heart 
Association's  Neonatal  Resuscitation  Program 
(NRP). 

The  AAP  has  also  recommended  that  transport 
RCPs  be  registered  (RRT)  or  registry-eligible 
respiratory  therapists.  Some  department  managers 
may  find  this  nearly  impxjssible  to  comply  with. 
In  a  recent  survey,''^  62%  of  responding  pediatric 
hospitals  reported  that  fewer  than  one  half  of  their 
RCPs  are  registered.  How  many  of  those  not 
registered  are  registry  eligible  is  unknown. 

One  controversy  related  to  team  composition 
centers  on  whether  a  physician  should  be  included. 
Some  insist  that  a  physician  be  present  if  the  need 
for  intensive  care  is  anticipated.^^  Others  have 
concluded  that  a  physician  may  not  always  be 


necessary.''*  Resolution  of  the  controversy  probably 
depends  on  whether  one  believes  that  the  severity 
of  the  patient's  condition  can  be  accurately  predicted 
prior  to  team  departure.  Critically  ill  patients  may 
require  the  services  of  a  trained  intensivist  to  lead 
the  transport  team.  I  have  observed  that  information 
received  by  phone  can  be  inaccurate,  making  it 
difficult  to  predict  whether  a  physician  will  be 
needed.  Although  many  patients  can  be  safely 
transported  without  a  physician,  it  would  seem 
prudent  to  make  errors  in  team  selection  on  the 
the  side  of  caution.  If  doubts  exist,  a  qualified 
physician  should  be  included  on  the  team. 

Some  centers  utilize  a  transport  team  composed 
of  an  RCP  and  a  nurse  for  sick  neonates,  and  only 
add  a  physician  when  older  pediatric  patients  are 
involved.''^  In  a  survey  reported  by  McCloskey  and 
Johnston,'^  72%  of  responding  pediatric  transport 
services  indicated  that  a  physician  is  always 
included. 

Transport  physicians  should  be  trained  in  crifical 
care  and  be  capable  of  intubating,  placing  chest 
tubes,  managing  fluid  therapy,  and  directing 
cardiopulmonary  resuscitation  efforts.^'^-^^-^^''"'  I 
believe  that  a  knowledge  of  ventilatory  support 
equipment  is  also  necessary  unless  an  adequately 
trained  RCP  is  a  member  of  the  team.  I  have  noted 
that  some  centers  send  incompletely  trained  second- 
year  house  officers  on  transfX)rt. 

The  use  of  properly  trained  personnel  and 
appropriate  equipment  makes  a  duplication  of  the 
experience  of  Srikasibhandha  and  Cats  less  likely:^^ 
When  untrained  personnel  were  used  to  transport 
neonates  to  a  regional  center  in  Holland,  several 
patients  died  en  route. 

Transport  Equipment 

Table  4  is  a  list  of  equipment  and  supplies  needed 
to  provide  respiratory  care  during  transport.  A  large 
canvas  bag  or  other  container  that  allows  logical 
organization  and  easy  retrieval  should  be  used  for 
respiratory  supplies,  and  all  team  members  should 
be  familiar  with  the  supply  system. 

The  iaside  of  a  moving  ambulance  or  the  cabin 
of  an  aircraft  in  flight  (particulariy  a  helicopter) 
is  a  hostile  working  environment,  and  the  sick 
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Table  4.  Equipment  and  Supplies  Needed  To  Provide  Respiratory  Care  during  Neonatal  and  Pediatric  Transport 


Equipment 

Adequate  supply  of  oxygen  and  compressed  air 

Air -oxygen  blender 

Mechanical  ventilator  with  circuit 

Manual  resuscitator  capable  of  giving  100%  Oj  with  PEEP 

Noninvasive  oxygen  monitor  (Sp02  or  Picoj) 

Oxygen  analyzer 

Airway  pressure  monitor  (electronic  or  mechanical) 

Electrocardiograph  monitor 

Portable  suction  apparatus 

Laryngoscope  handle 

Laryngoscope  blades  (sizes  newborn  to  adult) 

Extra  laryngoscope  bulbs  and  batteries 

Stethoscope 

Tools 


Supplies 

Resuscitation  masks  (sizes  0,  1,2,  3,  4) 

Feeding  tubes  (size  6,  8,  and  10  Fr) 

Disposable  oxygen  hood 

Oxygen  connecting  tubing 

Disposable  hand-held  nebulizer  with  tubing  (for  bronchodilators) 

Cloth  adhesive  tape  for  taping  endotracheal  tubes  (Vi"  &  1 ") 

Tincture  of  benzoin  for  taping  endotracheal  tubes 

Pulse  oximeter  probes  (at  least  two,  in  case  one  fails) 

Endotracheal  tubes  (sizes  2.5-7.0) 

Stylette 

Forceps 

Suction  apparatus 


newborn  can  be  as  unstable  a  patient  as  one  is  liicely 
to  encounter.53  All  planning  and  preparation  for 
transport  should  be  made  in  that  light. 

The  RCP  must  ensure  an  adequate  supply  of 
medical  gases  for  the  transport  vehicle  before 
leaving  the  transfX)rt  center.  In  addition  to  being 
a  horrifying  experience,  I  believe  that  running  out 
of  oxygen  while  transporting  a  patient  is  uncons- 
cionable. Because  things  can  go  wrong  and  cause 
delay,  it  is  prudent  to  take  at  least  twice  the  amount 
of  oxygen  actually  thought  to  be  needed. ^3.  The 
potential  for  disaster  has  been  well  described  by 
CIews:45 

One  of  the  most  frightening  things  I  have  experienced, 
in  my  clinical  practice  as  a  transport  team  nurse  occurred 
when  a  2-year-old  had  a  cardiac  arrest  in  the  back  of 
an  ambulance  during  rush  hour  traffic  on  an  inner-city 
expressway  . . .  Unforttinately,  this  critical  event  was 
further  complicated  by  a  mechanical  failure  of  the 
ambulance's  Ughts  and  sirens. 

My  own  experience  confirms  the  need  to  ensure 
an  adequate  oxygen  supply — witness  a  recent  trip 
that  lasted  66%  longer  than  anticipated.  Anticipating 
the  amount  of  oxygen  that  will  be  needed  can  be 
difficult.  The  RCP  must  take  into  account  all  sources 
of  gas  consumption.  Some  commonly  used  air- 


oxygen  blenders  have  a  continuous  bleed  in  addition 
to  the  flowrate  set  on  the  flowmeter.  For  example, 
the  Bird  3800  Microblender  bleeds  10-12  L/min 
and  the  Bird  HIA.0  blender  has  a  bleed  rate  of 
12-14  L/min  (Bird  Products,  Palm  Springs  CA).  So, 
the  HIA-0  on  the  low-flow  setting  with  the  auxiliary 
flow  turned  on  and  the  flowmeter  set  at  10  L/min 
consumes  24  L/min. 

Some  pneumatically  powered,  fluidically  controlled 
transport  ventilators  have  an  internal  gas  consumption 
in  addition  to  the  set  flowrate.  The  Bio-Med  MVP- 
10  (Bio-Med  Devices  Inc.  Madison  CT)  is  one  such 
ventilator,  but  the  manufacturer  has  wisely  included 
a  chart  of  estimated  total  gas  consumption  based  on 
ventilator  settings.  At  a  frequency  of  50  breaths/min 
this  ventilator  has  an  internal  gas  consumption  of  about 
4  L/min.54  Table  5  lists  ventilators  suitable  for  neonatal 
and  pediatric  transport,  with  some  of  their  pcrfonmance 
spccifications.55 

Essential  tools  to  be  taken  on  every  transport 
include  a  cylinder  key  (wrench),  screwdriver,  pliers, 
scissors,  hemostats,  and  a  small  flashlight.  Repairs 
may  be  necessary  en  route. 

Plans  should  be  made  and  implemented  for 
dealing  with  equipment  failure  during  transport. 
Redundant  systems  should  be  designed  and 
implemented.  If  the  manual  resuscitator  malfunc- 
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lions,  a  replacement  must  be  instantly  available.  If 
tlic  incubator  heater  fails,  chemical  heating  packets 
must  be  ready  for  use.  In  a  series  reported  by  Kanter 
and  Tompkins,^^  equipment-related  adverse  events 
occurred  in  12  of  117  pediatric  transports.  When 
checking  equipment  in  preparation  for  transport,  the 
RCP  should  ask  What  will  I  do  if  this  piece  of 
equipment  fails? 

Electromagnetic  interference,  or  EMI,  (analogous 
to  the  interference  one  may  see  on  a  television  screen 
when  an  electric  drill  is  operated  nearby)  can  be 
generated  by  transport  equipment,^''  and  has  the 
potential  for  affecting  the  performance  of  avionics 
equipment  and,  thus,  aircraft  operation.  Nish  ct  aP^ 
tested  the  amount  of  EMI  emitted  by  more  than 
20  neonatal  monitors,  incubators,  and  ventilators, 
and  found  that  about  70%  of  the  equipment  tested 
failed  U.S.  Air  Force  test  standards  for  EMI.  They 
concluded  that,  although  no  aircraft  accidents  are 
known  to  be  the  result  of  EMI,  the  potential  for 
catastrophe  exists.  They  suggest  that  transport 
equipment  should  not  be  purchased  if  it  docs  not 
meet  U.S.  Air  Force  EMI  standards;  however,  Nish 
et  al  admit  that  military  EMI  standards  may  be  too 
strict  for  civilian  purposes.  I  agree  with  their 
suggestion  that  the  Federal  Aviation  Administration 
(FAA)  should  develop  EMI  standards  for  civilian 
transport  equipment  as  soon  as  possible. 

Care  must  be  taken  to  adequately  secure  all 
equipment  to  prevent  its  falling  during  transport. 
As  Clews  writes:''^ 

One  transport  nurse  who  had  been  involved  in  an  accident 
descrit5ed  it  as  being  very  much  hke  the  movie  Poseidon 
Adventure — things  were  flying  everywhere. 

Finally,  aircraft  cabins  are  temperature  controlled, 
but  clothing  suitable  for  the  outdoor  climate  should 
be  readily  available.  If  an  aircraft  is  forced  down 
in  a  remote  area  during  cold  weather,  transport  crews 
may  be  exposed  to  the  elements  for  some  time. 
The  thought  of  such  exposure  in  hospital  'scrubs' 
is  sobering. 

Patient  Assessment,  Stabilization, 
and  Monitoring 

Assessment  of  the  patient's  condition  begins  even 
before  the  team  leaves  the  transport  center.  The 


importance  of  good  communication  cannot  be 
overemphasized.58'5'  Britten  and  Rogers,"  specify 
the  patient  information  required  to  initiate  transport: 
(1)  age,  weight,  and  name;  (2)  general  condition 
and  appearance;  (3)  vital  signs;  (4)  major  medical 
problems;  and  (5)  course  of  events  leading  to  present 
status.  To  this  list  I  would  add  the  most  recent  arterial 
blood  gas  values  and  the  extent  of  respiratory  care 
the  patient  is  receiving.  The  ideal  communication 
system  allows  the  transport  team  (while  en  route) 
to  continuously  discuss  the  patient's  condition  with 
both  the  referring  and  receiving  hospitals.' 

Patient  stabilization  prior  to  transport  is  probably 
the  most  critical  aspect  of  interhospital  care  because 
it  can  minimize  subsequent  deterioration  in  an 
environment  that  may  not  permit  detection  or 
treatment  of  problems."*^  Immediately  upon  arrival 
at  the  referring  hospital,  the  transport  team  should 
assess  the  patient's  physical  condition — ensuring 
proper  airway  management,  adequate  ventilation, 
and  adequate  circulation.  The  protocols  described 
in  PALS^°  are  an  excellent  guide.  First,  a  patent 
airway  must  be  verified  or  established.  If  respiratory 
deterioration  appears  imminent  or  likely  to  occur 
during  transport,  intubation  should  be  performed 
and  ventilatory  support  with  100%  oxygen  instituted 
as  soon  as  possible. 

In  most  acute  respiratory  emergencies  (with 
occasional  exceptions),  high  oxygen  concentrations 
can  be  delivered  without  harmful  effects.^"  Pediatric 
patients  with  chronically  elevated  Pacoj  (eg.  cystic 
fibrosis  and  bronchopulmonary  dysplasia)  may  have 
their  respiratory  drive  abolished  if  high  oxygen 
concentrations  are  administered,  and  low- 
birthweight  neonates  are  at  greater  risk  than  term 
babies  for  developing  retinopathy  of  prematurity  if 
hyperoxemia  is  allowed  to  persist.  However,  these 
concerns  should  not  overshadow  the  need  to  achieve 
acceptable  oxygenation  in  the  critically  ill,  but 
should  instead  cause  the  clinician  to  cautiously 
titrate  the  oxygen  concentration  in  these  patients 
once  cardiorespiratory  stability  has  been  established. 

I  believe  that  the  temptation  to  delay  intubation 
until  after  transport  in  patients  who  appear  to  have 
only  marginal  respiratory  difficulties  should  be 
resisted.  Intubation  of  a  small  child  or  neonate  in 
a  moving  ambulance  or  aircraft  cabin  is  difficult 
and  should  be  avoided  if  possible.  Some  authors 
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have  suggested  Uiat  ihc  transport  vehicle  be  stopped 
if  intubation  becomes  necessary.^^ 

Securely  affixing  the  endotracheal  tube  (ETT)  to 
Uic  patient's  face  is  essential  to  decrease  the 
likelihood  of  accidental  extubation.^^  Accidental 
extubation  does  occur,*' '^^  and  the  smaller  the 
patient  the  greater  the  likelihood  of  it  occurring. 
Rcintubalion  is  especially  difficult  to  perform  in 
a  helicopter  cabin.  Although  various  taping 
techniques  have  been  reported,  some  evidence 
suggests  that  the  use  of  elastic  tape  and  tincture 
of  benzoin  is  a  superior  method.62,63  However, 
excellent  taping  technique  alone  cannot  ensure  that 
accidental  extubation  will  not  occur.  Manual 
stabilization  of  ETTs  by  transport  staff  may  be 
necessary  to  further  reduce  movement  of  even  well- 
taped  tubes.5*  The  use  of  extremity  restraints  in 
active  patients  is  essential  and,  although  controver- 
sial, sedation  or  paralysis  may  also  be  necessary.^ 

Venous  access  must  be  established  prior  to 
transport.*^  If  attempts  to  gain  venous  access  are 
unsuccessful,  intraosseous  infusion  can  be  a  rapid 
and  safe  alternative.**-**  Hypovolemic  shock  is 
common  in  pediatric  patients  who  require  emer- 
gency care,*°  and  volume  expansion  may  be 
required. 

The  patient  assessment  includes  evaluation  of 
temperature,  blood  pressure,  heart  rate,  respiratory 
rate  and  status,  color,  and  radiographic  and 
laboratory  results  (eg,  hematocrit,  glucose,  and 
arterial  blood  gas  and  pH  values). 

If  the  patient  is  intubated,  ETT  position  should 
be  confirmed  by  radiograph,  and  the  adequacy  of 
spontaneous  breathing  or  ventilatory  support  be 
confirmed  by  blood  gas  analysis  prior  to  departure. 
If  noninvasive  respiratory  monitors  (eg,  transcu- 
taneous P02/PCO2)  2re  to  be  used  during  transport, 
their  agreement  with  blood  gas  values  should  be 
established. 

The  noise  level  in  transport  vehicles  can  make 
auscultation  of  breath  sounds  to  confirm  ETT 
placement  ncariy  impossible.  The  noise  level  in  most 
helicopters  (>  100  dB)  makes  even  ordinary  conver- 
sation impossible. 5^*^  An  in-vitro  study  conducted 
in  a  helicopter  (Model  MBB  BO- 105)  revealed  that 
flight  nurses  were,  without  exception,  unable  to  hear 
simulated  breath  sounds  using  either  conventional 
or  amplified  stethoscopes.''°  In  my  experience, 
auscultation  is  often  impossible  even  during  ground 


transport.  Campbell  et  aV^  found  that  the  sound 
levels  during  ground  transport  could  reach  101  dB, 
which  is  comparable  to  tlial  measured  in  some  fixed- 
wing  aircraft.  The  AAP'''  has  recommended  that 
aircraft-cabin  noise  levels  be  kept  below  85  dB, 
but  it  is  difficult  to  determine  the  extent  to  which 
this  recommendation  is  (and  can  be)  complied  with. 

Vibration  can  be  a  concern  during  transport  in 
rotary-wing  aircraft  and  in  some  ground  ambu- 
lances. Bouncing  can  be  so  exaggerated  that  it  may 
make  it  almost  impossible  to  discern  chest-wall 
excursion  and  thus  to  assess  the  adequacy  of 
ventilation. 

An  alternative  method  of  assessing  ETT  position 
is  to  use  a  colorimetric  end-tidal  CO2  detector,  a 
small,  disposable  device  that  changes  color  in 
response  to  changes  in  CO2  concentration  (Fencm, 
New  York  NY)  and  is  placed  between  the  ETT 
and  the  ventilator  circuit.  If  the  tube  becomes 
dislodged  from  the  trachea  and  slips  into  the 
esophagus,  the  concentration  of  CO2  in  the  ETT 
drops,  and  thus  the  detector  does  not  exhibit  the 
expected  tidal  color  change.  When  the  device  was 
tested  during  100  emergency  intubations  (ground, 
air,  and  emergency  department),  all  tracheal  (98) 
and  esophageal  (2)  intubations  were  correctly 
identified.''^  Of  the  100  patients  involved,  35 
experienced  cardiac  arrest  (all  were  tracheally 
intubated),  and  no  colorimetric  changes  were  noted 
during  cardiopulmonary  resuscitation  in  31%  (11) 
of  these  35  paficnts.  Of  11  patients  in  whom 
coloromelric  changes  were  not  noted,  none  were 
successfully  resuscitated.  Although  Higgins  et  al'^^ 
have  reported  on  the  measurement  of  end-tidal  CO2 
concentrations  for  assessing  the  adequacy  of 
cardiopulmonary  resuscitation.  Ours  et  aP''  reported 
that  they  found  the  disposable  end-tidal  CO2  detector 
reliable  in  identifying  intubation  in  only  86%  of 
cases. 

Adequate  humidification  of  gases  delivered 
through  the  ETT  is  no  less  important  during  transport 
than  at  any  other  time.  The  risk  of  ETT  occlusion 
by  inspissated  secretions  is  real,^*  and  is  increased 
as  tube  size  decreases. *  A  cold  humidifier  may  not 
add  sufficient  moisture  to  prevent  inspissation  and 
pos.siblc  mucosal  damage.  A  heated  humidifier  can 
be  used  during  transport,  but  the  equipment  is  bulky 
and  adds  a  considerable  power  drain  to  battery 
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systems.  Coleman''^  has  described  a  heated  transport 
incubator  with  a  disposable  humidifier  placed  in 
the  ventilator  circuit.  The  water  and  chamber  are 
kept  inside  the  incubator  (even  during  warmup)  and 
thus  are  able  to  heat  and  humidify  the  inspired  gas. 

The  use  of  heal  and  moisture  exchangers 
(hygroscopic  condensers)  has  been  reported,^  but 
I  do  not  believe  that  neonatal-pcdiatric  applications 
have  been  adequately  studied. 

Morbidity  and  mortality  in  small,  premature 
infants  is  related  to  cold  stress,  with  mortality 
increasing  with  each  degree  of  temperature  loss.''^ 
Transport  incubators  should  be  prcwarmed,  have 
fully  charged  battery  packs,  and  be  capable  of 
maintaining  the  patient's  normal  physiologic 
temperature.  I  believe  that  it  is  prudent  to  carry 
extra  battery  packs  for  the  incubator. 

Noninvasive  Respiratory  Monitoring  during 
Transport 

Because  noise  interferes  with  auscultation  of 
breath  sounds  and,  thus,  the  determination  of  proper 
ETT  position  and  the  adequacy  of  ventilation, 
noninvasive  monitoring — pulse  oximetry, '•''^•''^-^^ 
transcutaneous  monitoring,''''"'^  and  end-tidal  CO2 
monitoring36,8o,8i — appears  to  have  become  a 
standard  of  care  during  pediatric  and  neonatal 
transport. 

Although  substantiating  data  are  unavailable,  I 
believe  that  pulse  oximetry  is  probably  the  most 
widely  used  of  these.  However,  Ross  and  Renzi^^ 
observed  in  49  patients  transported  by  air  that  pulse 
oximeter  use  neither  affected  initial  airway  manage- 
ment nor  detected  occult  hypoxemia.  I  believe  that 
the  utility  of  the  pulse  oximeter  is  not  in  guiding 
initial  treatment  but  in  providing  ongoing  moni- 
toring in  the  adverse  transport  environment. 

Pulse  oximetry  has  been  tested  in  a  number  of 
populations  and  has  generally  been  found  to  be 
adequately  accurate  (±2-3%)  and  precise. ^^  How- 
ever, inaccuracy  is  greater  with  elevated  levels  of 
dyshemoglobins  and  profound  hypoxemia. ^^ 
Sensitivity  to  motion  artifact  may  also  be  a  serious 
limitation.^  In  addition,  the  clinician  must  not 
assume  that  the  pulse  oximeter  necessarily  reflects 
overall  oxygen  delivery.  The  interested  reader  is 
referred  to  a  more  detailed  description.*'* 


Pekka  et  al  described  a  technique  for  assessing 
blood  pressure  (BP)  in  aircraft  cabins:*^ 

To  measure  systolic  BP  with  the  pulse  oximeter  we  used 
the  real-time  plcihysmographic  waveform.  The  BP  cuff 
was  apphixl  in  the  usual  fashion  on  the  upper  arm  and 
the  pulse-oximcter  prob)e  was  applied  to  the  ipsilaleral 
finger.  The  cuff  was  inflated  above  the  systolic  BP,  which 
was  indicated  by  the  disappearance  of  the  plcihysmo- 
graphic waveform.  As  the  cuff  was  slowly  deflated  (2- 
3  torr/s)  the  pulse  waveform  reappeared.  The  pressure 
at  which  the  waveform  reappeared  was  recorded. 

Talke  et  al  suggest  that  results  by  this  method 
correlate  well  with  conventional  methods.*^  This 
study  was  done  in  adult  patients  but  should  be 
suitable  for  pediatric  patients. 

Transcutaneous  monitoring  may  have  two 
advantages  over  pulse  oximetry:  (1)  the  combined 
O2-CO2  electrode  monitors  ventilation  and  oxyge- 
nation and  (2)  the  device  is  probably  less  sensitive 
to  motion  artifact. 

End-tidal  gas  monitoring  during  transport  has  not 
been  widely  reported,^^  but  may  have  utility.  In 
patients  without  lung  disease  or  serious  ventilation- 
perfusion  disturbances,  peak  values  of  Petco, 
generally  agree  well  with  Paco2  measurements 
(gradient  <  2-3  torr),*''  but  in  the  transport  population 
utility  may  be  reduced.**  The  use  of  capnometry 
in  pediatric  and  neonatal  patients  needs  to  be  further 
examined. 

Concerns  about  the  Effects  of  Altitude 

During  transport  by  helicopter  and  fixed- wing 
aircraft,  the  RCP  must  be  aware  of  the  physiologic 
effects  of  increasing  altitude.  As  the  barometric 
pressure  falls  with  increasing  altitude,  two  things 
happen:  the  free  gas  in  body  cavities  expands  and 
the  ratio  of  inspired  oxygen  tension  to  fractional 
inspired  oxygen  concentration  (P102/F102)  decreases 
(Table  6).*'  Air  in  the  pleural  space  (pneumothorax) 
and  air  in  the  stomach  must  be  evacuated  via  chest 
and  orogastric  tube  and  F102  must  be  increased 
appropriately  to  maintain  P102  and  to  ensure 
adequate  oxygenation  of  the  patient. 

In  Conclusion 

Providing  respiratory  care  for  critically  ill  infants 
and  children  during  interhospital  transport  is  an 
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Table  6.     Effect  of  Altitude  on  Inspired  Oxygen  Tension 
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exacting  task  that  requires  highly  trained  and 
experienced  personnel  and  wcU-choscn,  properly 
functioning  equipment;  however,  improved  patient 
outcome  can  be  the  rewarding  result. 

ACKNOWLEDGMENTS 

I  thank  Cheryl  Vclotta  RCP  and  Mary  l^u  Dralinak  RRT 
for  their  invaluable  library  research  and  Mike  Gibson  EMT 
for  providing  the  Rainbow  transport  data. 


REFERENCES 

1.  Britten  AG,  Rogers  MC.  Transportation  of  critically  ill 
children.  In:  Rogers  MC,  ed.  Textbook  of  pediatric 
intensive  care.  Baltimore:  Williams  &  Wilkins, 
1987:1385-1400. 

2.  Breaux  CW,  Smith  G,  Georgeson  KB.  The  first  two  years 
experience  with  major  trauma  at  a  pediatric  trauma  center. 
J  Trauma  1990;30:37-43. 

3.  Colombani  PM,  Buck  JR,  Dudgeon  DL,  Miller  D,  Hallcr 
JA.  One-year  expeiicncc  in  a  regional  pediatric  Uauma 
center.  J  Pediair  Surg  1985;20:8-13. 


730 


RESPIRATORY  CARE  •  JULY  '91  Vol  36  No  7 


TRANSPORT  OF  THE  CRITICALLY  ILL  AND  INJURED 


4.  Duncan  AW,  Mullins  GC,  Kent  M.  Phelan  PD.  A 
paediatric  emergency  transport  service:  One  year's 
experience.  Med  J  Ausi  1981;2:673-676. 

5.  Owen  J,  Duncan  AW.  Towards  safer  transport  of  sick 
and  injured  children.  Anaesth  Intensive  Care  1983;1 1:113- 
117. 

6.  Hart  HW.  TTie  conveyance  of  patients  to  and  from 
hospitals,  1720-1850.  Med  Hist  1978;22:397-407. 

7.  Ramenofsky  ML,  Luter  A,  Curreri  PW,  Talley  MA.  EMS 
for  pediatrics:  Optimum  treatment  or  unnecessary  delay. 
J  PediatT  Surg  1983;18:498-504. 

8.  Boyd  DR.  Comprehensive  regional  trauma  and  emergency 
medical  service  delivery  systems:  A  goal  of  the  1980s. 
CritCareQ;  Dec  1982:1-21. 

9.  Dobrin  RS,  Block  B,  Oilman  Jl,  Massaro  TA.  The 
development  of  a  pediatric  emergency  transport  system. 
Pediatr  Clin  North  Am  1980;27:633-646. 

10.  Lam  DM.  Wings  of  hfe  and  hope:  A  history  of  aeromedical 
evacuation.  Problems  Crit  Care  1990;4:477-494. 

11.  Fisher  GW.  Acute  arterial  injuries  treated  by  the  U.S. 
Army  medical  service  in  Vietnam.  J  Trauma  1967;7:844- 
852. 

12.  Merwin  CA.  U.S.  Air  Force  patient  airlift  from  balloons 
to  high  speed  jets.  J  Air  Med  Transport  1990;9: 18-22. 

13.  Haller  JA,  Shorter  M,  Miller  D,  Colombani  P,  Hall  J, 
Buck  J.  Organization  and  function  of  a  regional  pediatric 
trauma  center:  Does  a  system  of  management  improve 
outcome?  J  Trauma  1983;23:691-696. 

14.  Sweeny  DB,  Turtle  MJ.  Paediatric  retrievals  in  south 
Austraha.  Anaesth  Intensive  Care  1985;13:410-414. 

15.  KoUee  LAA,  Verloove-Vanhorick  PP,  Verwey  RA,  Brand 
R,  Ruys  JH.  Maternal  and  neonatal  transport:  Results  of 
a  national  collaborative  survey  of  preterm  and  very  low 
birth  weight  infants  in  the  Netherlands.  Obstet  Gynecol 
1988;72:729-732. 

16.  Delaney-Blacks  V,  Lubchenco  LO,  Butterfield  LF,  Goldson 
E,  Koops  BL,  Lazotte  DC.  Outcome  of  very-low-birth- 
weight  infants:  Are  populations  of  neonates  inherently 
different  after  antenatal  versus  neonatal  referral?  Am  J  Obstet 
Gynecol  1989;160:545-552. 

17.  Fallon  MJ,  Copass  M.  Southeast  Alaska  to  Seattle  emergency 
medical  air  transports:  Demographics,  stabilization,  and 
outcomes.  Ann  Emerg  Med  1990;19:914-921. 

18.  Ohlsson  A,  Fohlin  L.  Reproductive  medical  care  in  Sweden 
and  the  Province  of  Ontario,  Canada:  A  comparative  study. 
Acta  Paediatr  Scand  1983;306(Suppl):3-15. 

19.  Black  RE,  Mayer  T,  Walker  ML,  et  al.  Air  transport  of 
pediatric  emergency  cases.  N  Engl  J  Med  1982;307:1465- 
1468. 

20.  Haller  JA.  Toward  a  comprehensive  emergency  medical 
system  for  children.  Pediatrics  1990;86:120-122. 

21.  Harris  BH,  Orr  RE,  Boles  ET.  Aeromedical  transportation 
for  infants  and  children.  J  Pediatr  Surg  1975;10:719-724. 

22.  Saule  H,  Riegel  K,  Beltinger  C.  Effectiveness  of  neonatal 
transport  systems.  J  Perinat  Med  1987;15:515-521. 

23.  Smith  DF,  Hackel  A.  Selection  criteria  for  pediatric  critical 
care  transport  teams.  Crit  Care  Med  1983;  1 1:10-12. 


24.  Hood  JL,  Cross  A,  Hulka  B,  Lawson  EE.  Effectiveness 
of  the  neonatal  transport  team.  Crit  Care  Med 
1983;11:419-423. 

25.  Chance  GW,  Matthew  JD,  Gash  J,  Williams  G, 
Cunningham  K.  Neonatal  transport:  A  controlled  study 
of  skilled  assistance.  J  Pediatr  1978;93:662-668. 

26.  KoUee  LAA,  Eskes  TKAB,  Peer  PGM,  Koppes  JFP.  Intra- 
or  extrauterine  transport?  Comparison  of  neonatal 
outcomes  using  a  logistic  model.  Eur  J  Obstet  Gynecol 
1985;20:393-399. 

27.  Sepkowitz  S.  Unconvinced  of  value  of  antenatal  transfer 
to  level  3  intensive  care  units  (letter).  Pediatrics 
1985;75:801-802. 

28.  Cowett  RM,  Coustan  DR,  Oh  W.  Effects  of  maternal 
transport  on  admission  patterns  at  a  tertiary  care  center. 
Am  J  Obstet  Gynecol  1986;154:1098-1100. 

29.  Bose  CL,  LaPine  TR,  Jung  AL.  Neonatal  back-transport. 
Med  Care  1985;23:14-19. 

30.  Jung  AL,  Bose  CL.  Back  transport  of  neonates:  Improved 
efficiency  of  tertiary  nursery  bed  utilization.  Pediatrics 
1983;71:918-922. 

31.  Air  transport  program  directory.  J  Air  Med  Transport 
1990;9:36-41. 

32.  Annual  transport  statistics.  Hosp  Aviation  1989;8:3. 

33.  Kissoon  N,  Grewen  TC,  Kronick  JB,  Mohammed  A.  The 
child  requiring  transport:  Lessons  and  implications  for 
the  pediatric  emergency  physician.  Pediatr  Emerg  Care 
1988;4:1-4. 

34.  Crone  RK.  Paediatric  and  neonatal  intensive  care.  Can 
J  Anaesth  1988;35:S30-S33. 

35.  American  Academy  of  Pediatrics  committee  on  hospital 
care:  Guidelines  for  air  and  ground  transportation  of 
pediatric  patients.  Pediatrics  1986;78:943-950. 

36.  Donn  SM,  Faix  RG,  Gates  MR.  Neonatal  transport. 
Current  Problems  in  Pediatr  1985;15(4):l-65. 

37.  Pettett  G,  Merenstein  GB,  Battaglia  FC,  Butterfield  LJ, 
Efird  R.  An  analysis  of  air  transport  results  in  the  sick 
newborn  infant:  Part  1.  The  transport  team.  Pediatrics 
1975;55:774-782. 

38.  Harris  BH.  Performance  of  aeromedical  crewmembers: 
Training  or  experience?  Am  J  Emerg  Med  1986;4:409- 
411. 

39.  McCloskey  KA,  Johnston  C.  Pediatric  critical  care 
transport  survey:  Team  composition  and  training, 
mobihzation  time,  and  mode  of  transportation.  Pediatr 
Emerg  Care  1990;6:1-3. 

40.  Merenstein  GB,  Pettett  G.  Transport  of  ventilated  infants. 
In:  Goldsmith  JP,  Karotkin  EH,  eds.  Assisted  ventilation 
of  the  neonate.  Philadelphia:  WB  Saunders,  1988:376- 
396. 

41.  Webster  H,  Wirth  D.  Life  night.  Pediatr  Nurs  1983;10:17- 
20. 

42.  Ray  LR,  Cunningham  W.  Transport.  In:  Koff  PB,  Eitzman 
DV,  Neu  J,  eds.  Neonatal  and  pediatric  respiratory  care. 
St  Louis:  CV  Mosby.  1988:318-331. 


RESPIRATORY  CARE  •  JULY  '91  Vol  36  No  7 


731 


TRANSPORT  OF  THE  CRITICALLY  ILL  AND  INJURED 


43.  Smith  D,  Hackcl  A.  Staffing  requirements  for  pediatric 
critical  care  transport  teams  (abstract).  Crit  Care  Med 
1981;9:289. 

44.  Herve  C,  Gaillard  M,  Desfemmes  C,  Hugucnard  P. 
Neonatal  distress:  Interest  of  early  medical  care  and 
mcdicalized  transport.  Acta  Anaeslhesiol  Belgica  1984; 
35(Suppl):  145-151. 

45.  Clews  DL.  Interhospital  transport  of  the  critically  ill  child. 
Holistic  Nurs  Pract  1989;4:24-29. 

46.  Mir  NA,  Javied  S.  Transport  of  sick  neonates:  Practical 
considerations.  Indian  Pediatri  1989;26:755-764. 

47.  American  Academy  of  Pediatrics,  American  College  of 
Obstetricians  and  Gynecologists.  Guidelines  for  perinatal 
care.  2nd  ed.  Elk  Grove  IL:  American  Academy  of 
Pediatrics,  1988:210-222. 

48.  McCloskey  KA,  King  WD,  Byron  L.  Pediatric  critical 
care  transport:  Is  a  physician  always  needed  on  the  team? 
Ann  Emerg  Med  1989;18:247-249. 

49.  Salyer  JW,  Chatbum  RL.  Patterns  of  practice  in  pediatric 
respiratory  care.  Respir  Care  1990;35:879-888. 

50.  Rhce  KJ,  O'Malley  RJ.  The  effect  of  an  airway  algorithm 
on  flight  nurse  behavior  (abstract).  J  Air  Med  Transport 
1990;9:6-8. 

51.  Hopkins  D,  EvansB.  A  program  for  certification  in  airway 
management  and  intubation  for  pediatric  transport  nurses 
and  respiratory  therapists  (abstract).  J  Air  Med  Transport 
1989;8:63. 

52.  Srikasibhandha  S,  Cats  BP.  Transport  of  the  newborn. 
Z  Geburtshilfe  Perinatol  1977;181:460-464. 

53.  Harris  BH,  Belcher  JW.  Equipment  and  planning  for 
neonatal  air  transport.  Med  Instrtim  1982;16:253-255. 

54.  MVP- 10  Pediatric/neonatal  ventilator  instruction  manual. 
Madison  CT:  Bio-Med  Devices  Inc,  1986. 

55.  Perinatology/neonatology  buyer's  guide.  Santa  Monica 
CA:  Barrington  Pubhcations,  1987:24. 

56.  Kanter  RK,  Tompkins  JM.  Adverse  events  during 
interhospital  transport:  Physiologic  deterioration  asso- 
ciated with  pretransport  severity  of  illness.  Pediatrics 
1989;84:43-48. 

57.  Nish  WA,  Walsh  WF,  Swedenburg  M.  Effect  of 
electromagnetic  interference  by  neonatal  transport 
equipment  on  aircrjift  operation.  Aviat  Space  Environ  Med 
1989;60;599-600. 

58.  Pinelli  J,  Ferguson  MK.  Transporting  high-risk  newborns: 
Tlie  importance  of  communication.  Neonatal  Network 
1985;June:23-26. 

59.  Finsterwald  W.  Neonatal  transport:  Communication — The 
essential  element.  J  Perinatol  1988;8:358-360. 

60.  Chamcides  L,  ed.  Textbook  of  pediatric  advanced  life 
support.  Dallas  American  Heart  Association  and  American 
Academy  of  Pediatrics,  1988. 

61.  Kallstrom  TJ,  Salyer  JW.  The  incidence  of  accidental 
extubation  in  a  neonatal  intensive  care  unit  (abstract). 
Respir  Care  1989;34:1006. 

62.  Brown  MS.  Prevention  of  accidental  extubation  in 
newborns.  AJDC  1988;142:1240-1243. 


63.  Kallstrom  TJ,  Salyer  JW,  Baldesare  KK,  Chatbum  RL. 
A  comparison  of  two  different  endotracheal-tube  taping 
techniques  in  the  neonate  (abstract).  Respir  Care 
1990;35:1121-1122. 

64.  Moss  JE,  Purohit  DM.  Drug-induced  paralysis  (muscle 
relaxant)  therapy  in  the  mechanically  ventilated  neonate. 
J  Perinatol  1988;8:321-324. 

65.  Kronick  JB,  Kissoon  N,  Frewen  TC.  Guidelines  for 
stabilizing  the  condition  of  the  critically  ill  child  before 
transfer  to  a  tertiary  care  facility.  Can  Med  Assoc  J 
1988;139:213-220. 

66.  Rosetti  VA,  Thompson  BM,  Miller  J,  Mateer  JA, 
Aprahamian  C.  Intraosseous  infusion:  An  alternative  route 
of  pediatric  intravascular  access.  Ann  Emerg  Med 
1985;14:885-888. 

67.  Glaeser  PW,  Losek  JD.  Intraosseous  needles:  New  and 
improved.  Pediatr  Emerg  Care  1988;4:135-136. 

68.  Wagner  MB,  McCabe  JB.  A  comparison  of  four 
techniques  to  establish  intraosseous  infusion.  Pediatr 
Emerg  Care  1988;4:87-91. 

69.  Ridenour  J,  Schreiber  V,  Kelin  K,  Heller  M,  Menegazzi 
J.  Noise  exposure  to  flight  crew  from  the  MBB  BO- 105 
and  MBB  BK-117  (abstract).  J  Air  Med  Transport 
1990;9:76. 

70.  Hunt  RC,  Bryan  DM,  Brown  VS,  Whitley  TW,  Benson 
NH.  Inability  to  assess  breath  sounds  during  air  transport 
in  a  MBB  BO- 105  helicopter  (abstract).  J  Air  Med 
Transport  1989;8:47. 

71.  Campbell  AN,  Lightsone  AD,  Smith  JM,  Kirpalani  H, 
Perlman  M.  Mechanical  vibration  and  sound  levels 
experienced  in  neonatal  transport.  AJDC  1984;138:967- 
970. 

72.  Gerard  J,  MacLeod  BA,  Heller  MB,  Yealy  DM. 
Verification  of  endotracheal  intubation  using  a  disposable 
end-tidal  CO2  detector  (abstract).  J  Air  Med  Transport 
1989;8:48. 

73.  Higgins  D,  Hayes  M,  Denman  W,  Wilkinson  DJ. 
Effectiveness  of  using  end-tidal  carbon  dioxide  concen- 
tration to  monitor  CPR.  Br  Med  J  1990;300:581-582. 

74.  Ours  J,  et  al.  Evaluation  of  the  effectiveness  and  usefulness 
of  a  disposable  end-tidal  COj  detector  in  the  prehospital/ 
interhospital  setting  of  urban  hehcopter  flight  nursing. 
J  Air  Med  Transport  1990;9:69. 

75.  Coleman  L.  Modification  in  respiratory  equipment  for 
neonatal  transport:  One  team's  experience.  J  Air  Med 
Transport  1990;9:10-11. 

76.  Hankins  CT.  The  use  of  pulse  oximetry  during  infant 
transport  from  outside  facilities.  J  Perinatol  1988;8:346. 

77.  McGuire  TJ,  Pointer  JE.  Evaluation  of  a  pulse  oximeter 
in  the  prehospital  setting.  Ann  Emerg  Med  1988;  17: 1058- 
1062. 

78.  Giard  DA,  Ross  CS.  The  use  of  pulse  oximetry  in 
prehospital  treatment  and  transport.  Denver:  Ohmeda  Inc, 
1989. 

79.  Adams  KS,  Branson  RD,  Hurst  JM.  Monitoring 
oxygenation  with  oximetry  during  transport.  Respir 
Management  1987;17:63-69. 


732 


RESPIRATORY  CARE  •  JULY  '91  Vol  36  No  7 


TRANSPORT  OF  THE  CRITICALLY  ILL  AND  INJURED 


80.  Peterson   C.   Budd   R,   Tjelmeland   K.   Comparative  85. 
evaluation  of  three  end-tidal  carbon  dioxide  monitors 

during  flight  (abstract).  J  Air  Med  Transport  1990;9:70.  86. 

81.  Tjelmeland  K,  Poser  B,  Budd  R,  Peterson  C,  Bodenstedt 
R.  Evaluation  of  the  accuracy  of  the  end-tidal  carbon 

dioxide  monitor  during  altitude  changes  using  the  canine  87. 

model  (abstract).  J  Aii  Med  Transport  1990;9:7I. 

82.  Ross  C,  Renzi  F.  Role  of  pulse  oximetry  in  the  initial 

airway  management  of  helicopter  transported  trauma  88. 

victims  (abstract).  J  Air  Med  Transport  1990;9:88. 

83.  Kelleher  JF.  Pulse  oximetry.  J  Clin  Monit  1989;5:37- 
62. 

84.  Salyer  JW,  Lewis  DO.  Pulse  oximetry:  Application  in  89. 
the  pediatric  and  neonatal  critical  care  unit.  AACN  Clin 

Issues  Crit  Care  Nurs  1990;1:339-347. 


Pekka  T,  Nichols  RJ,  Trabcr  DL.  Monitoring  patients 
during  helicopter  Oight.  J  Clin  Monit  1990;6:139-140. 
Talke  P,  Nichols  RJ,  Traber  DL.  Does  systolic  blood 
pressure  measured  using  a  pulse  oximeter  correlate  with 
conventional  methods.  J  Clin  Monit  1990;6:5-9. 
Pascucci  RC,  Schena  JA,  Thompson  JE.  Comparison  of 
a  sidestrcam  and  mainstream  capnometer  in  infants.  Crit 
Care  Med  1989;17:560-562. 

Salyer  JW,  Rogers  M,  Myer  T,  Chatbum  RL.  An 
evaluation  of  the  accuracy  of  the  Ohmeda  Oxicap  4700 
in  a  neonatal  population  (abstract).  Respir  Care 
1990;35:1128-1129. 

Chatbum  RL,  Salyer  JW.  Physiologic  monitoring.  In: 
Chatbum  RL,  Lough  MD,  eds.  Handbook  of  respiratory 
care.  2nd  ed.  Chicago:  Mosby-Year  Book,  1990:59-122. 


Salver  Discussion 

Barnes:  I  would  like  to  comment  on 
the  heat-moisture  exchangers  that 
you  suggested.  The  most  efficient 
puts  out  29  mg/L  and  the  worst  only 
14  mg/L.  with  the  endotracheal  tube 
adding  3  to  8  mg/L.'-  For  a  few 
hours  they  are  fine,  but  if  you  have  a 
3-  or  5-hour  transport.  I  would  sug- 
gest that  you  may  have  problems 
with  thick  secretions. 


1.  ECRl.  Heat  and  moisture  exchang- 
ers. Health  Devices  1983:12:155- 
167. 

2.  Mebius  C.  A  comparative  evalua- 
tion of  disposable  humidifiers. 
Acta  Anaesthesiol  Scand  1983; 
27:403-409. 


Salyer:  I  agree.  I  think  they  need  a 
lot  more  study  before  we  consider 
using  them  in  the  neonate. 
Hess:  A  couple  of  things,  John  (Sa- 
lyer). First  of  all.  1  was  pleased  to  see 
you  address  the  electroinagnetic  in- 
terference (EMI)  issue.  The  way  to 
get  around  the  EMI  problem  is  by 
shielding  your  equipment.  If  the 
equipment  is  properly  shielded,  then 
the  equipment  doesn't  produce  any 
EMI.  But  I  think  just  as  importantly 
with  some  of  the  newer  equipment 
that  is  microprocessor-based,  is  that 


the  equipment  also  doesn't  receive 
EMI.  There  are  some  cases,  at  least 
anecdotal,  of  EMI  interference  shut- 
ting down  microprocessor  ven- 
tilators. So,  I  think  for  those  of  us 
who  are  respiratory  care  practi- 
tioners, EMI  is  a  concern — not  only 
for  it  going  out  but  also  for  it  coming 
into  equipment.  I  really  appreciate 
your  comiTients  on  that.  The  second 
point  that  I  wanted  to  make  has  to  do 
with  the  Fenem  device  (the  end-tidal 
CO,  device).  As  you  pointed  out  in 
your  slide,  I  think  one  of  the  prob- 
lems with  those  devices  is  that  they 
do  have  a  pretty  high  false-positive 
rate  for  esophageal  intubation  if  the 
patient  is  in  cardiac  arrest.  In  other 
words,  as  you  pointed  out  on  the 
slide,  if  the  patient  is  in  cardiac  ar- 
rest, the  tube  can  be  in  the  trachea 
but  the  Fenem  doesn't  change  col- 
or— leading  the  practitioner  to  be- 
lieve that  it's  in  the  esophagus  be- 
cause CO,  is  not  being  delivered  to 
the  lungs  so  that  it  can  be  exhaled. 
These  devices,  I  believe,  are  used 
primarily  in  adults.  Are  you  con- 
cerned as  a  pediatric  respiratory  care 
practitioner  that  these  devices  do  add 
some  dead  space  to  the  airway'.' 
Also,  they  seem  to  be  pretty  heavy  to 
put  on  a  neonatal  or  pediatric  endo- 
tracheal tube.  Are  you  concerned 
about  them  causing  misplacement  of 
the  airway? 


Salyer:  We  are  concerned.  Those  are 
good  points.  Dean!  The  effect  of 
adding  dead  space  to  the  airway  in 
continuous  flow  infant  ventilators  is 
an  issue  that  has  always  confused 
me.  I've  heard  great  concerns  ex- 
pressed about  adding  dead  space  to 
neonatal  airways  by  putting  on  larger 
adapters,  but,  I'ln  not  sure  how  im- 
portant that  is  in  a  continuous-flow 
system.  I've  put  dead  space  on  pur- 
pose on  infants  who  had  very  low 
Pco;S,  but  couldn't  tolerate  extuba- 
tion  and  were  on  very  low  fre- 
quencies. I  put  60  mL  between  the  Y 
of  the  ventilator  tubing  and  the  pa- 
tient's endotracheal  tube.  I  found  no 
important  change  in  the  Pco:-  and  I 
think  we  just  washed  the  gas  out  of 
the  dead  space  by  the  continuous 
flow  of  the  ventilator  circuit,  hut  I 
ain  still  concerned.  More  important 
is  the  issue  of  weight.  With  any 
adapter  you  put  in  line,  especially  in 
transport,  you've  got  to  be  very  care- 
ful about  contributing  to  accidental 
extubations. 

O'Rourke:  While  I  agree  with  the 
importance  of  having  a  safe  transport 
of  a  baby  into  the  hospital,  at  a  re- 
cent critical-care  symposium  the  is- 
sue came  up  about  the  morbidity  and 
mortality  of  in-hospital  transport,  ie, 
to  the  CAT  scanner,  to  x-ray,  to  OR. 
This  is  another  area  that  unfor- 
tunately gets  ignored.  The  number  of 
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vital-sign  changes  that  occur  with 
just  moving  the  child  across  the  hail 
(let  alone  in  and  out  of  a  vibrating 
helicopter)  are  immense. 
Salver;  1  completely  agree  1  1  just  did 
not  have  time  to  address  all  of  the  is- 
sues here,  but  the  intrahospital  trans- 
port of  patients  is  a  big  issue,  and  we 
have  had  a  number  of  situations  in 
which  patients  have  deteriorated 
when  we  were  transporting  them  for 
diagnostic  procedures  within  the  hos- 
pital. This  subject  is  treated  in  Mark 
Rogers'  text,  Pediatric  Inlensive 
Care .' 

I.  Rogers  M.  Pediatric  intensive  care. 
Baltimore:  Williams  &  Wilkins, 
1987:1399-1400. 

Carlo:  You  didn't  mention  ven- 
tilators during  transport.  I  wonder, 
with  the  marked  variability  that  oc- 
curs in  pressure,  t,,  t^,  and  rate  with 
hand  bagging,  if  ventilators  should 
be  considered  standard  practice  for 
transported  patients. 
Salyer;  1  certainly  do  think  they 
should.  Also,  the  issue  of  which 
brand  or  type  of  transport  ventilator 
(there  are  many  kinds  available)  is 
important.  I'll  agree  that  there  are 
good  devices  out  there  that  are  not 
very  expensive,  and  1  can't  think  of 
good  reasons  why  we  shouldn't  have 
one  in  use  for  all  transports,  as  op- 
posed to  hand  bagging. 
Chatburn:  Just  to  comment  on  that 
issue,  there  was  an  abstract'  pre- 
sented in  New  Orleans  at  the  1990 
AARC  convention,  that  showed  that 
the  use  of  an  inexpensive  airway- 
pressure  manometer  that  had  alarms 
on  it  for  rate  and  pressure  would  al- 
leviate some  of  the  problems  that 
you  mentioned.  In  terms  of  hand- 
bagging,  that  might  be  less  expensive 
and  perhaps  a  faster  and  easier  al- 
ternative to  setting  up  a  mechanical 
ventilator  for  short-term  transports, 
but.  still  try  to  avoid  the  situation  in 
which  you  have  severe  barotrauma 
when  the  patient  just  comes  into  the 
nursery  right  from  a  transport. 


1.  MacDonald  K.  Vinson  DL.  Salaz 
E.  Webb  D.  Evaluation  of  the 
Sechrist  BrealhTracker  Manometer 
(abstract).  Respir  Care  1990; 
35:1125. 


Mathews:  My  first  question  regards 
pulse  oximetry.  Have  you  tried  using 
the  new  reflectance  type  of  sensors? 
Salyer:  I  have  no  experience  with 
them. 

Mathews:  We  ran  a  study,  which 
we're  writing  a  paper  on  now,  where 
we  sequentially  monitored  286  nor- 
mal, healthy  people.  First  we  used  a 
transmissive  sensor  and  immediately 
followed  with  a  reflectance-type  sen- 
sor, and  in  the  initial  data  analysis 
found  apparently  no  difference.  The 
benefit  of  this  type  of  sensor  is  that 
you  can  put  it  in  central  location 
(you  can  put  it  on  a  flat  surface). 
And  therefore  you  can  move  from 
forehead  to  chest  wall,  perhaps  even 
on  the  back,  which  is  generally  pret- 
ty stable.  This  may  take  care  of  some 
of  the  motion  artifact  and  more  'cen- 
tralize' the  circulation  that  you're 
measuring.  So.  it's  something  you 
might  want  to  look  at. 

Secondly,  getting  back  to  the  RCP 
and  the  team.  I  want  to  ask  you  what 
skills  you  think  the  RCP  brings  to 
the  team  that  makes  him  a  valuable 
member  of  that  team. 
Salyer:  That's  a  good  question!  And. 
I'll  answer  it  by  saying  that  in  the  pa- 
pers in  which  they  do  not  report  a 
RCP  as  a  team  member,  they  gener- 
ally send  an  anesthesia  resident.  I 
would  say  that  RCPs  can  be  valuable 
members  of  the  team  if  they  are  rig- 
orously trained,  and  are  experienced 
in  airway  management,  respiratory 
assessment  and  ventilator  support. 
Those  are  the  three  areas  that  1  think 
are  important. 

Mathews:  As  you  know,  there's  a  lot 
of  controversy  within  the  flight- 
therapy  groups  as  to  whether  it 
siiould  be  mandatory  that  therapists 
also  be  EMTs  or  a  paramedics.  What 
are  vour  feelincs  on  that? 


Salyer:  1  guess  I  haven't  given  that 
very  much  thought,  Paul.  1  could 
shoot  from  the  hip,  but  it  wouldn't  be 
a  very  informed  opinion.  So.  I'll  re- 
frain from  answering  that. 

O'Rourke:  1  think  one  thing  that  has 
to  be  looked  at  is  the  shortage  of  ( 1 ) 
RTs  and  (2)  nurses.  We  can't  staff 
our  units,  let  alone  staff  a  24-hour/ 
day,  7-day/week  transport  system. 
And,  I  personally  think  that  the  only 
transport  systems  that  work  are  those 
that  have  consistent  services  every 
day  of  the  week.  I  think  we  need  to 
look  at  the  problems  we  have  in  our 
hospitals,  and  given  the  shortages.  I 
would  rather  have  that  expertise  in 
the  hospital. 

Salyer:  Do  you  find  there  are  times 
when  you  want  a  therapist  and  they 
cannot  provide  you  one  because 
there  are  not  enough  people? 

O'Rourke:  Oh  yes.  We  have  come 
to  the  point  where  we  almost  had  to 
limit  in-hospital  ventilators. 

Barnes:  Hartford  Hospital  in  Con- 
necticut had  a  similar  staffing  prob- 
lem. I  think  you  have  to  have  a  really 
dedicated  group  of  registered  ther- 
apists who  want  to  serve  on  the  flight 
team.  The  Hartford  group  made  it 
successful  by  volunteering  to  be  on 
standby  on  their  own  initiative.  So.  I 
think  you  need  a  core  of  dedicated 
RRTs.  Hartford  Hospital  now  staffs 
two  helicopter  crews,  but.  when  they 
first  started,  they  had  the  same  prob- 
lem. So,  I  think  you  start  with  a  high 
level  of  commitment  on  the  ther- 
apists' part  and  go  from  there. 

Salyer:  I  agree  with  that,  although  I 
think  that  Dr  O'Rourke  is  right — we 
have  a  serious  manpower  shortage. 
The  debate  at  the  1990  AARC  con- 
vention in  New  Orleans  about  I-  or 
2-year  graduates  was  punctuated  hy 
remarks  that  we  don't  have  enough 
people  to  do  the  work  we  are  doing 
now.  and  if  we  start  eliminating  1- 
year  schools,  we're  going  to  have 
even  fewer  RCPs.  It's  a  serious  prob- 
lem and  it's  not  going  to  go  away. 
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Bronchial  Hypci  reactivity  in  Infants 


Thomas  A  Hazinski  MD 


Introduction 

In  this  review,  I  focus  on  the  clinical  disorder  of 
bronchial  hyperreactivity  (BHR)  in  infants — what 
it  is,  its  pathophysiologic  mechanisms,  how  it  is 
measured,  and  clinical  disorders  that  are  associated 
with  or  mimic  BHR.  I  also  discuss  the  therapeutic 
implications  of  acute  and  chronic  bronchial  hyper- 
reactivity and  identify  opportunities  for  research. 

BHR  is  defined  as  expiratory  airflow  limitation 
that  can  be  provoked  by  agents  that  directly  or  in- 
directly cause  airway  smooth-muscle  constriction. 
BHR  can  also  be  defined  as  expiratory  airflow  lim- 
itation that  is  present  at  baseline  and  improves  in 
response  to  agents  that  relax  airway  smooth  mus- 
cle. It  is  iinportant  to  note  that  bronchoconstrictor 
tone  is  present  in  the  airway  smooth  muscle  of  nor- 
mal individuals:  beta-agonist  inhalation  increases 
expiratory  airflow  even  in  patients  without  de- 
monstrable airway  disease.'  ALso,  it  is  possible  to 
provoke  bronchoconstriction  in  subjects  with  nor- 
mal lungs  by  using  large  or  prolonged  exposure  to 
constrictor  agents;  however.  BHR  is  said  to  be 
present  when  airflow  limitation  is  produced  by  low 
doses  of  constrictor  agents. 

Agents  that  provoke  expiratory  airflow  limitation 
are  shown  in  Table  1.  These  agents  are  divided  into 
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those  that  directly  stimulate  airway  smooth  muscle 
(cholinergic  stimulation,  histamine,  tnethacholine. 
and  perhaps  cold  air)'  and  those  that  indirectly  re- 
duce expiratory  airflow  by  interacting  with  other 
cells  in  the  lung  that  relea.se  substances  that  reduce 
airway  caliber.  Alveolar  and  interstitial  macro- 
phages, eosinophils,  platelets,  and  endothelial  cells 
have  all  been  shown  to  release  peptides,  lipids,  and 
metabolites  of  arachidonic  acid  and  other  mediators 
that  constrict  smooth  muscle,  cause  airway  edema, 
and  increase  airway  mucus  production.  The  reader 
is  directed  to  several  recent  references  for  review 
of  the  role  of  these  mediators.'" 

Table  I.  Promoters  of  Bronchoconstriction 

Direct 

Acetylcholine  and  substance  P 

(released  by  parasympathetic  nerves) 
Histamine  or  methacholinc 
Cold  air 

Indirect 

Exercise 

Sulfur  dioxide  (SO,) 

Allergens 

Tobacco  smoke 

Infection-inflammation  substances 

(released  by  granulocytes,  macrophages,  eosinophils. 

or  endothelial  cells) 


Detection  of  Bronchial  Hyperreactivity 

The  hallmark  of  BHR  is  demonstration  of  the 
provocation  or  presence  of  reversible  expiratory 
airflow  limitation.  In  cooperative  older  children 
and  adults,  measurements  of  forced  expiratory  vol- 
ume in  1  second  (FEV,),  forced  vital  capacity 
(FVC),   and  quantitative   expiratory   flow-volume 
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Abbreviations  Used  in  This  Paper 

BHR 

—  BroiK-hial  liypcncacllv  ily 

BPD 

—  BroiichopLilriionai")  dysplasia 

FEV, 

—  Forced  expiratory  volume  in  1  second 

FRC 

—  Functional  residual  capacity 

FVC 

—  Forced  vital  capacity 

MEF,, 

—  Maximal  expiratory  flow  at  25%  of  vital 

capacity 

PEFV 

—  Partial  expiratory  flow  \olume 

RSV 

—  Respiratory  syncytial  virus 

VIP 

—  Vasoactive  intestinal  peptide 

XnaxFRC 

—  Maximum  expiratory  flow  at  FRC 

curves — before  and  after  the  inhalation  of  bron- 
chodilators — have  been  used  to  assess  BHR.'"  With 
these  measurements,  the  time  course  and  mag- 
nitude of  the  bronchoconstrictor  response  to  any 
provocative  agent  can  be  defined.  Protocols  have 
been  standardized  to  relate  a  specific  degree  of  air- 
flow limitation,  such  as  a  20%  fall  in  FEV,,  to  a 
specific  dose  of  inhaled  bronchoconstrictor.  BHR 
is  said  to  be  present  when  airflow  limitation  can  be 
induced  by  a  low  concentration  of  a  cholinergic 
agent  or  when  a  usually  innocuous  agent,  such  as 
cold  air  or  mild  exercise,  results  in  a  fall  in  ex- 
piratory flow. 

Regardless  of  the  provocative  agent  used,  the 
time  course  of  the  bronchoconstrictor  response  is 
similar  in  patients  with  BHR.  That  is,  within  .sever- 
al minutes  of  the  administration  of  the  provocative 
agent,  tlowrates  are  reduced,  and  within  30-60  min- 
utes of  administration  (or  more  rapidly  if  a  bron- 
chodilator  is  administered)  flowrates  return  to  ba.se- 
line.  This  acute  decrease  in  expiratory  airflow  may 
be  associated  with  wheezing,  prolonged  expiratory 
time,  and  abnormal  gas  exchange,  but  these  clinical 
signs  are  difficult  to  quantify  and  are  rarely  meas- 
ured. 

In  addition  to  the  acute  reduction  in  airflow, 
some  individuals  with  BHR  demonstrate  recuirent 
airway  obstruction  .VS  hotirs  after  provocation  by 
allergen  inhalation  or  exercise."  This  'late-phase' 
response  is  also  thought  to  be  related  to  the  relea.se 
of  cell-derived  bri)nchoconstrictor  substances  and 
to  airway  wall  edema,  mucus  production,  and  per- 
ibronchiolar inflammation.  Although  common  in 
children  with  asthma,  the  late-phase  response  has 
not  been  systematically  examined  in  infants.  How- 


ever, there  is  reason  to  believe  that  this  late-phase 
response,  if  left  untreated,  may  be  linked  io  the  de- 
velopment of  chronic  bronchial  hyperreactivity  or 
asthma." 

Bronchial  Hyperreactivity  in  Infants 

Based  on  old  anatomic  data,''  several  genera- 
tions of  physicians  and  respiratory  care  practi- 
tioners have  been  taught  that  young  infants  have  lit- 
tle capacity  to  respond  to  bronchoconstrictor 
stimuli.  Until  recently,  it  has  been  impossible  to 
objectively  measure  BHR  in  infants  because  maxi- 
mum inspiratory  and  expiratory  flows  could  not  be 
reliably  measured  in  these  uncooperative  subjects. 
However,  in  the  past  5  years  two  techniques  have 
been  developed  to  objectively  measure  BHR  in  in- 
fants. In  one  technique,  a  partial  expiratory  flow- 
volume  (PEFV)  curve  is  generated  during  a  nomial 
exhalation  followed  by  a  forced  exhalation.  First 
described  by  Adler  and  Wohl,"  and  developed  fur- 
ther by  Godfrey  et  al'^  and  Tepper  et  al,"  the  forced 
exhalation  is  generated  by  a  squeeze  or  hug  tech- 
nique in  which  a  preset  amount  of  positive  pressure 
is  rapidly  applied  to  the  sedated  infant's  chest  at 
the  end  of  a  tidal  inspiration.  Expiratory  airflow  is 
measured  via  a  pneumotachograph  attached  to  the 
endotracheal  tube  or  face  mask.  The  two  curves  are 
superimposed,  and  the  flowrate  of  the  squeezed 
breath  is  measured  at  the  end-expiratory  point  on 
the  volume  axis  of  the  tidal  breath.  The  pressure 
applied  to  the  chest  is  increased  until  the  maximal 
flowrate  is  achieved.  This  value  has  been  termed 
the  VpiaxFRC  2nd  'S  shown  graphically  in  Figure  1. 
Other  investigators  have  quantitated  different  parts 
of  the  curves  to  yield  other  variables.'" 

A  second  technique  used  to  measure  BHR  in  in- 
fants has  been  described  by  Motoyama.'^  This  tech- 
nique is  siinilar  to  the  traditional  maximum  ex- 
piratory flow-volume  maneuver.  By  either  manual 
lung  inflation  or  CO:  inhalation,  a  large  inspiration 
is  generated  in  the  infant,  and  then  the  airway  is 
rapidly  deflated  by  connecting  the  infant's  airway 
to  a  ieservt)ir  of  negative  pressure.  This  technique 
has  been  used  inost  often  in  intubated  and  sedated 
patients. 

Methodologic  aspects  of  these  techniciues  were 
reviewed  by  Turner  et  al  in  1990.'"  The  two  major 
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VmaxFRC 


Volume 

(mL) 

Fig.  1.  Partial  expiratory  flow-volume  (PEFV)  curve. 
Smaller  inner  curve — tidal  breathing;  larger  curve — 
forced  expiratory  maneuver.  tVlaximal  expiratory  flow  at 
functional  residual  capacity  (V,^axFRC'  mL/s)  is  indicated 
by  dashed  line;  and  difference  between  tidal  breathing 
and  maximal  expiratory  flow  represents  expiratory  flow 
reserve.  (Reprinted,  with  permission,  from  Reference 
15). 

limitations  of  inteqjreting  data  derived  from  these 
methods  are  (1)  that  the  actual  delivered  dose  of 
provocative  agent  (ie.  either  bronchodilator  or 
bronchconstrictor)  is  difficult  to  quantify  and  (2) 
that  the  sites  of  airflow  limitation  and  improvement 
cannot  be  precisely  identified.  For  example,  some 
experts  believe  that  upper-airway  caliber  may  be 
reduced  by  bronchoconstrictor  challenge.  There- 
fore, data  derived  from  intubated  patients  may  not 
be  comparable  to  data  derived  from  infants  breath- 
ing via  a  face  mask. 

Despite  these  limitations,  the  techniques  have 
been  applied  in  infants  to  serially  assess  airflow  be- 
fore and  after  the  administration  of  traditional  bron- 
choconstrictor agents.  In  many  of  these  studies,  the 
concentration  of  inhaled  agents  that  produces  a  pre- 
determined fall  in  flow  (usually  20-409^  fall  in 
yiiu.\FRc)  i^  computed.  Recently  it  has  been  re- 
ported that  normal  infants  (less  than  24  months  of 
age)  exhibit  reduced  VJhuxfrc  ^dter  inhaling  rel- 
atively low  concentrations  of  methacholine,  his- 
tamine,'"-' or  cold  air.-^  A  typical  methacholine 
challenge  test  is  shown  in  Figure  2.  Using  this  tech- 
nique, it  has  been  found  that  infants  develop  bron- 
choconstriction  at  lower  concentrations  of  chol- 
inergic stimuli  than  do  children  and  adults.'"  Some 
have  interpreted  these  data  to  indicate  that  infant 
airways  are  more  reactive  than  adult  airways.'-  Oth- 


ers assert  thai  current  methods  of  aerosol  ad- 
ministration during  provocative  studies  are  siinply 
more  efficient  in  infants  than  in  older  individuals 
because  older  intlivitluals  entrain  room  air  during 
the  inhalation  of  provocative  agents  whereas  in- 
fants may  not.  Therefore,  the  apparent  hyper- 
sensitivity of  infant  airways  to  bronchoconstrictor 
agents  may  be  an  artifact  of  the  drug  delivery  sys- 
tem. In  a  recent  study,  LeSouef  and  his  co- 
workers'" have  corrected  data  from  previously  pub- 
lished studies  to  account  for  the  problem  of  air  en- 
trainment  and  have  concluded  that  airway  re- 
activity is  similar  in  infants,  children,  and  adults.'' 
This  controversy  has  not  yet  been  .settled,  and  it 
highlights  the  lack  of  data  regarding  drug  deposi- 
tion in  infant  airways  and  the  need  for  future  re- 
search. 


g 
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Methacholine 
0.075  mg/mL 
176mL7s 


Normal  Saline 

173mL7s 
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0.150  mg/mL 
160  mUs 


Methacholine 
0.300  mg/mL 
100  mUs 
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0.600  mg/mL 
52mUs 


Volume  (mL) 


Fig.  2.  Partial  expiratory  flow-volume  (PEFV)  curves  dur- 
ing the  methacholine  bronchial  challenge  test.  There  is 
no  significant  change  in  either  maximal  expiratory  flow  at 
functional  residual  capacity  (VmaxFRC.)  or  shape  of  the 
PEFV  curve  between  base  line  and  after  inhalation  of 
normal  saline  or  the  two  lowest  concentrations  of  me- 
thacholine (0.075,  0,150  mg/mL).  However,  following 
next  2  higher  concentrations  (0.300  and  0.600  mg/mL), 
there  is  a  progressive  decrease  in  Vma^FRc  ^f^d  develop- 
ment of  a  concave  shape  to  the  PEFV  curve.  (Reprinted, 
with  permission,  from  Reference  23). 

Bronchial  hyperreactivity  is  also  demonstrable  in 
extremely  premature  infants  during  the  first  weeks 
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of  lite.  Using  cold  air  as  a  stiiiuilus  for  bron- 
choconstriction.  Motoyama  et  al-'  have  shown  that 
even  infants  born  at  26  weeks  gestation  can  de- 
velop clinically  important  bronchoconstriction.  In 
these  infants,  airflow  limitation  induced  by  cold  air 
could  be  rapidl)  re\ersed  v\ith  beta-agonist  in- 
halation— indicating  that  this  stimulus  did  not  dam- 
age the  airways  or  cause  clinically  important  ede- 
ma, and  suggesting  that  increased  bronchial 
smooth-muscle  tone  was  responsible  for  some  of 
the  provoked  airtlow  limitation. 

Etiology  of  Chronic  Bronchial 
Hyperreactivity  in  Infants 

Although  sensitive  provocative  techniques  may 
reveal  hyperreactivity  in  normal  infants,  the  vast 
majority  of  infants  do  not  exhibit  signs  of  acute  or 
chronic  airway  hyperreactivity.  Why  is  it  then  that 
some  infants  develop  acute  or  chronic  wheezing 
that  requires  therapy?  Some  investigators  feel  it  is 
merely  a  consequence  of  the  small  airway  caliber 
and  unique  geometry  that  is  present  in  the  rapidly 
growing  lung.  Although  this  factor  undoubtedly 
plavs  a  role,  three  other  causes  of  chronic  bronchial 
hyperreactivity  have  been  suggested.  First,  it  is 
possible  that  some  infants  are  genetically  de- 
termined to  develop  BHR  or  asthma.  Evidence  to 
support  this  proposition  comes  from  studies  of 
asthma  incidence  in  Australian  twin-S""  and  from 
studies  by  Taussig  et  al.-^  A  second  possibility  is 
that  chronic  BHR  is  a  consequence  of  early  epi- 
sodes of  acute  lung  injury  such  as  bronchiolitis. 
ARDS.  and  inhaled  environmental  pollutants  such 
as  tobacco  smoke  and  sulphur  dioxide.-'*-''  Of 
course,  it  is  possible  that  respiratory  infections 
were  simply  more  severe  in  those  infants  with  a  ge- 
netically determined  tendency  for  BHR. 

A  third  possible  cause  of  BHR  is  premature 
birth."'  A  small  but  elegant  study  by  Bernard  et  aF" 
clearly  showed  that  premature  birth,  even  when  un- 
accompanied by  respiratory  failure  and  its  treat- 
ment, resulted  in  detectable  abnormalities  in  small 
auuay  lunclit)n  in  the  second  decatlc  ot  lite.  This 
study,  which  employed  three  control  groups 
(healthy  unrelated  children,  term  siblings  of  pre- 
mature infants  with  respiratory  failure,  and  term 
siblings  of  premature  infants  without  respiratory 


failure)  also  showed  thai  the  mothers  of  infants 
bom  prematurely  had  a  higher  incidence  of  BHR 
than  did  mothers  of  temi  infants — suggesting  a  link 
between  maternal  BHR  and  premature  labor.  It  is 
likely  that  chronic  bronchial  hyperreactivity  is  mul- 
tifactorial and  influenced  by  both  genetic  and  en- 
vironmental factors.  It  is  unlikely  that  even  large- 
scale  epidemiologic  studies  will  be  powerful  enough 
to  unravel  these  interacting  influences. 

Clinical  Conditions  that  Are  Associated  with 
Bronchial  Hyperreactivity 

Some  of  the  clinical  conditions  that  are  associat- 
ed with  airway  hyperreactivity  in  infants  are  listed 
in  Table  2. 


Table  2.  Clinical  Conditions  A.ssociated  witti  Bronchial  Hyper- 
reactivity 


Broncliopulmonary  dysplasia 

Aspiration 

Gastroesoptiageal  retlux 

Pulmonary  edema  and  congestive  heart  failure 

Viral  bronchiolitis 

Cystic  fibrosis 

Asthma 

Lung  iransplantation 


Bronchopulmonary  Dysplasia 

Bronchopulmonary  dysplasia  (BPD)  has  become 
the  most  common  chronic  obstructive  lung  disease 
of  infancy.  Infants  with  BPD  exhibit  abnormal  lung 
mechanics,  signs  of  chronic  respirator\  distress, 
and  abnormal  chest  radiographs,  and  may  require 
long-term  mechanical  ventilation  and/or  oxygen 
therapy.  The  lung  pathology  of  BPD  is  focal  and 
complex  and  includes  airway  metaplasia,  inter- 
stitial fibrosis,  and.  as  demonstrated  in  some  autop- 
sy studies,  peribronchial  smooth-muscle  hyper- 
trophy and  hyperplasia.'  BPD  is  known  to  cluster 
in  atopic  families.'-  leading  some  investigators  to 
conclude  ihai  the  tlc\clopmcni  of  severe  BPD  has  a 
strong  genetic  component.  Motoyama  et  al-"  have 
shown  that  infants  with  BPD  have  increased  bron- 
choconstrictor  tone  that  can  be  rapidly  reversed  by 
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inhaled  beta-agonists.  However,  the  relevance  ot 
these  observations  in  terms  of  therapy  is  not  known 
because  no  studies  exist  of  long-term  trealnieiit 
with  bronchodilator-like  drugs.  Moreover,  it  may 
be  that  in  these  infants,  airway  intlammation  and 
airway-wall  instability  may  play  more  important 
roles  in  the  determination  of  airway  caliber  than 
does  BHR.  Indeed,  recent  histologic  studies  of 
BPD  by  Stocker"  demonstrate  the  remarkable  va- 
riety of  airway  and  parenchymal  abnormalities  in 
BPD  infants.  In  addition,  the  ventilation-perfusion 
abnormalities  manifested  by  the.se  patients  include 
a  poorly  defined  pulmonary  vascular  hyper- 
reactivitN'  that  may  actually  be  worsened  by  vaso- 
dilator therapy. 

Respiratory-Syncytial- Virus  Bronchiolitis 

Although  the  controversy  is  now  decades  old, 
current  evidence  indicates  that  the  majority  of  in- 
fants with  bronchiolitis  caused  by  the  respiratory 
syncytial  virus  (RSV)  have  bronchial  hyper- 
reactivity with  a  clinical  course  that  can  be  im- 
proved by  bronchodilator  therapy."  In  this  condi- 
tion, the  precise  cause  of  BHR  is  not  clear.  It  is 
possible  that  RSV  infection  unmasks  a  genetically 
determined  predisposition  for  BHR.  Alternatively, 
perhaps  multiple  environmental  factors  are  re- 
quired for  severe  RSV  infections  to  become  symp- 
tomatic. For  example,  Groothius  et  al"  observed 
that  infants  with  severe  RSV  bronchiolitis  were 
more  likely  to  live  in  crowded  households  and  in 
households  where  passive  exposure  to  tobacco 
smoke  occurs. 

Pulmonary  Edema  and  Congestive  Heart 
Failure 

Pulmonary  edema  resulting  from  either  cardiac 
failure  or  increased  lung  capillary  permeability  can 
cause  wheezing  and  tachypnea.  It  has  long  been 
known  that  in  patients  with  pulmonary  edema  the 
administration  of  drugs  with  diuretic  properties  can 
improve  lung  function  and  gas  exchange  even  be- 
fore a  brisk  diuresis  has  occurred.  The  traditional 
explanation  for  this  observation  has  been  that  diu- 
retic therapy  reduces  interstitial  lung  edema  and  re- 
duces the  peribronchial  puddling  of  edema  lluid 


that  may  affect  airway  caliber.  However,  recent 
studies  in  adults  demonstrate  that  BHR  is  present  in 
patients  witii  pulmonary  edema  and  can  be  re- 
versed rapidly  by  beta-agonist  administration.'"  The 
mechanism  by  which  congestive  heart  failure  in- 
duces BHR  is  unknown,  but  may  be  related  to  the 
effect  of  edema  on  bronchial  vascular  tone,  ion 
transport,  extracellular  ion  concentration,  or  airway 
osmolality.  Moreover,  the  results  of  recent  studies 
using  the  inhaled  diuretic  amiloride,'^  inhaled  fu- 
rosemide,'^  and  low-dose  orally  administered  fu- 
rosemide  (in  pediatric  patients  with  BPO)'"*  suggest 
that  modulation  of  epithelial  ion  transport  may  be 
an  important  factor  in  detemiining  airway  tone. 

Lung  Transplantation 

Single  and  double  lung  transplantation  has  be- 
come a  feasible  treatment  for  persons  with  end- 
stage  pulmonary  disease.  Surprisingly,  perhaps, 
BHR  has  been  observed  in  adult  patients  who  have 
received  lung  and  heart-lung  transplants.""'  Although 
BHR  has  not  yet  been  described  in  infant  transplant 
recipients,  this  finding  in  adults  is  noteworthy  for 
several  reasons.  Because  transplanted  lungs  are  ei- 
ther totally  or  partially  denervated,  the  observation 
of  BHR  in  these  lungs  indicates  that  central  chol- 
inergic innervation  is  not  necessary  for  maintaining 
bronchoconstrictor  tone  and  that  other  factors,  such 
as  mucociliary  clearance,  epithelial  ion  transports, 
or  abnormal  mucus  production,  may  be  involved. 
Also,  these  adult  transplant  recipients  had  BHR  de- 
spite high-dose  corticosteroid  therapy  and  in  the 
absence  of  tissue  rejection,  indicating  that  the  dis- 
order may  be  very  difficult  to  treat  in  some  pa- 
tients. 

Bronchial  Asthma 

The  most  common  form  of  chronic  BHR  is  bron- 
chial asthma,  a  multifactorial  disorder  of  complex 
etiology.  Asthma  has  been  functionally  defined  as 
airflow  limitation  that  varies  with  time,  is  re- 
versible, and  IS  hyperresponsive  to  external  stimuli, 
which  may  be  specific  (eg,  allergen  exposure)  or 
nonspecific  (eg,  histamine).^'"*-  Despite  major  ad- 
vances in  the  understanding  of  asthma,  its  path- 
ogenesis remains   largely  a  mystery.  The  recent 
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finding  that  the  lungs  of  asthmatic  patients  lack  the 
bronchodilator  vasoactivc-intcstinal-peptide  (VIP) 
in  cholinergic  nerve  endings"  suggests  that  asthma 
may  result  from  an  imbalance  between  neu- 
rotransmitters that  cause  bronchodilation  and  those 
that  cause  bronchoconstriction. 

Despite  the  widespread  belief  that  chronic  asth- 
ma begins  in  infancy  and  that  chronic  airway  in- 
flammation is  associated  with  persistent  or  re- 
current bronchoconstriction.  there  has  been  a 
reluctance  to  diagnose  asthma  in  infants  with  re- 
current episodes  of  cough,  wheezing,  and  atelecta- 
sis. Such  infants  are  still  commonly  treated  with 
multiple  courses  of  antibiotics  and  antitussive 
drugs.  Morbidity  and  mortality  rates  for  asthma 
continue  to  increase,'""''^  and  childhood  asthma  re- 
mains a  costly  and  emotionally  difficult  chronic 
disease.  The  role  of  inflammation  in  airway  nar- 
rowing has  been  demonstrated,"*^  and  there  is  a 
growing  consensus  that  beta-adrenergic  agents  and 
methylxanthines  alone  may  be  insufficient  therapy 
for  chronic  BHR  because  they  do  not  affect  airway 
inflammation  or  edema  formation.  However,  it  is 
heartening  to  note  that  the  federal  government  has 
announced  the  organization  of  a  multicenter  trial  of 
long-term  anti-inflammatory  agents  (eg,  cromolyn 
and  corticosteroids)  for  the  treatment  of  childhood 
asthma. 


agonist  therapy.  Panitch  et  al^^  have  u.sed  the 
squeeze  technique  to  investigate  the  determinants 
of  expiratory  airflow  in  infants  with  trach- 
eomalacia. Figure  3  depicts  their  paradoxical  re- 
sults, which  indicate  that  airflow  limitation  wors- 
ened with  beta-agonist  treatment  and  improved 
with  methacholine  administration.  These  data  nice- 
ly demonstrate  the  important  role  that  airway 
smooth-muscle  tone  plays  in  the  maintenance  of 
airway  stability  in  the  infant  lung  with  maturational 
delay  of  airway  development.  These  data  also  may 
explain  why  some  wheezy  infants  do  not  improve 
with  beta-agonist  therapy.  Similar  findings  have 
also  been  demonstrated  in  children  with  cystic  fi- 
brosis^''*''  and  in  some  infants  who  may  require 
large-airway  bronchoconstriction  to  maintain  air- 
way stability  in  the  presence  of  chronically  injured 
airways.'" 

Table  3.    Conditions  that  Mimic  Bronchial  Hyperreactivity  by 
Causing  Large-Airway  Instability 


Tracheomalacia 

Cystic  fibrosis 

Bronchopulmonary  dysplasia 

Vascular  rings 

Tracheoesophageal  malformations 

Obstructing  airway  lesions  (eg.  polyps,  hemangiomas) 


Conditions  that  Mimic  Bronchial 
Hyperreactivity 

Even  though  respiratory  care  practitioners  are 
commonly  taught  that  all  that  wheezes  is  not  asth- 
ma and  that  many  patients  with  asthma  may  not 
wheeze,  these  aphorisms  are  frequently  forgotten  in 
the  management  of  individual  infants  with  res- 
piratory distress.  Several  disorders  can  mimic  BHR 
in  infants  (ie,  cause  wheezing  and  respiratory  dis- 
tress) but  not  respond  to  bronchodilator  therapy 
(Table  }).  Perhaps  the  most  common  of  these  ab- 
nomialities  is  tracheomalacia,  a  congenital  disorder 
in  which  the  airways  lack  sufficient  rigidity.  In 
tracheomalacia,  there  is  deformation  and  collapse 
of  the  airway  during  the  expiratory  phase  of  the 
respiratory  cycle  when  pleural  pressure  exceeds  in- 
tra-airway  pressure.  Infants  with  tracheomalacia 
may  exhibit  wheezing  that  is  retractory  to  beta- 


The  diagnosis  of  asthma  in  infants  should  be 
made  only  after  other  disorders  that  mimic  or  are 
associated  with  BHR  are  thoroughly  considered. 
The  respiratory  care  practitioner  should  resist 
jumping  to  the  conclusion  that  asthma  is  present, 
and  should  maintain  a  healthy  skepticism  con- 
cerning diagnosis  until  appropriate  history,  phys- 
ical examination,  and  laboratory  tests  exclude  other 
causes  of  wheezing  (listed  in  Table  3). 

Chronic  BHR  in  Infants: 
Research  Opportunities 

Despite  many  advances,  substantial  gaps  remain 
in  our  knowledge  of  the  pathogenesis,  natural  his- 
tory, and  proper  treatment  of  BHR  in  infants.  Ad- 
vances in  at  least  six  areas  are  desperately  needed: 
( 1 )  There  must  be  renewed  emphasis  on  early  di- 
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Fig.  3.  Best  partial  expiratory  flow- 
volume  (PEFV)  curves  (obtaineid  with 
the  squeeze  technique)  for  three  in- 
fants with  tracheomalacia  at  baseline 
(A),  after  methacholine  (B),  and  after 
albuterol  (C).  Each  curve  includes 
both  tidal  flow-volume  (small  loop) 
and  forced  expiratory  flow-volume 
curves.  (Reprinted,  with  permission, 
from  Reference  47). 
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agnosis  of  infants  with  symptomatic  BHR.  es- 
pecially in  high  risk  groups,  so  that  proper  therapy 
(including  treatment  with  cromolyn-like  drugs  and 
corticosteroids)  and  environmental  control  meas- 
ures can  be  initiated  as  early  as  possible.  The  ad- 
verse effects  of  passive  smoking  on  wheezy  infants 
have  been  unequivocally  established;"  "  therefore, 
tobacco  smoking  should  be  eliminated  in  areas 
where  such  infants  are  cared  for.  (2)  Safe  and  ef- 
fective inhaled  corticosteroid  preparations  such  as 
budesonide"  should  be  made  available  in  the  U.S., 
because  other  steroid  preparations  either  cannot  be 
delivered  effectively  via  nebulization  or  are  ab- 
sorbed through  the  lung  to  cause  side  effects  sim- 
ilar to  those  of  oral  steroids.-^  (3)  Practicing  phy- 
sicians who  treat  infants  must  embrace  the  concept 
of  chronic  anti-intlammatory  therapy  (ie,  cromolyn 
or  corticosteroids)  as  part  of  the  treatment  for  mod- 
erate asthma.  (4)  More  accurate  methods  for  de- 
livering aerosolized  drugs  to  infants  need  to  be  de- 
veloped and  validated.''  (5)  Longitudinal  studies  of 
BHR  in  cohorts  of  affected  infants  should  be  per- 
formed to  identify  the  natural  variability  of  BHR. 
(6)  The  potential  therapeutic  role  for  agents  such  as 


furosemide  and  cromakalim  that  affect  ion  trans- 
port across  airway  epithelium  should  be  in- 
vestigated."' 

The  respiratory  care  practitioner  can  play  an  im- 
portant role  by  educating  physicians  and  other  care 
providers  about  these  issues  and  by  not  relying  on 
old  dogma  but  instead  considering  each  patient  in- 
dividually. For  example,  it  is  inappropriate  to  with- 
hold a  trial  of  bronchodilator  therapy  from  an  in- 
fant with  RSV  bronchiolitis  just  because  one 
believes  that  such  infants  don't  respond  to  bron- 
chodilators.  A  better  approach  would  be  to  care- 
fully note  respiratory  rate  and  effort,  oxygen  satura- 
tion, level  of  activity,  and  lung  sounds  before  and 
after  a  therapeutic  trial  of  bronchodilators. 

Summary 

Intrinsic  bronchial  hyperreactivity  is  common  in 
infants  and  may  in  part  explain  why  infants  de- 
velop respiratory  distress  and  wheezing  more  fre- 
quently than  do  children  or  adults.  Although  bron- 
choconstriction  tone  is  present  in  infants  with 
normal  lungs,  some  infants  seem  to  be  unusually 
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susceptible  to  plianiiacokigic  and  naturally  oc- 
curring triggers  of  bronchoconstriction.  Techniques 
that  produce  expiratory  flow -volume  curves  by  ap- 
plving  positive  pressure  to  the  infant's  chest  or  by 
applying  negative  pressure  to  the  infant's  airway 
can  quantitate  BHR  in  infants.  Although  me- 
thodologic  uncertainties  exist,  these  techniques 
should  prove  useful  in  the  clinical  evaluation  of 
possible  treatment  strategies  for  BHR.  Despite  the 
fact  that  many  conditions  can  cause  or  mimic  BHR, 
bronchial  asthma  remains  the  most  important  dis- 
order associated  with  BHR.  Because  of  the  im- 
portant role  that  inflammation  plays  in  asthma  and 
the  ineffectiveness  of  beta-agonist  therapy  in  con- 
trolling inflammation,  attention  in  asthma  manag- 
ment  has  shifted  to  the  possible  long-term  benefits 
of  inhaled  anti-inflammatory  agents  (eg.  cromolyn- 
like  drugs  and  corticosteroids).  The  respiratory  care 
practitioner  can  play  a  key  role  in  the  design,  con- 
duct, interpretation,  and  implementation  of  studies 
focusing  on  the  pathogenesis,  natural  history,  and 
management  of  bronchial  hyperreactivity  in  infants. 
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Ha/inski  Discussion 

Rau:  I  was  curious,  as  a  follow-up  to 
your  concluding  points,  with  ihc  dif- 
ferent causes  of  airway  obstruction — 
particularly  from  the  inflammatory 
components — what  advice  could  you 
give  us  about  improving  diagnostic 
criteria  for  use  of  bronchodilators 
versus  other  agents  like  cromolyn  or 
even  diuretics  (in  the  traditional  use 
of  diuretics)?  Do  you  see  any  lights 
at  the  end  of  the  tunnel? 

Hazinski:  I'm  not  very  hopeful  about 
the  problem  of  the  early  detection 
and  treatment  of  bronchial  hyper- 
reactivity. I  was  a  pulmonologist  for 
4  years,  ending  in  1984.  and  then  I 
became  a  pulmonologist  again  2 
years  ago.  In  that  interval,  I  thought 
that  the  use  of  antibiotics  alone  to 
treat  chronic  wheezing  had  sort  of 
disappeared,  that  physicians  had 
learned  during  their  house-officer 
training  (from  pulmonologists  or  al- 
lergists or  somebody)  that  recurrent 
wheezing  doesn't  respond  well  to  an- 
timicrobial therapy.  But.  we  continue 
to  see  patients  whose  private  pe- 
diatricians fail  to  appropriately  treat 
recurrent  cough  and  wheezing.  So,  I 
think  we  all  have  an  educational  mis- 
sion to  educate  practicing  physicians 
and  house  staff  about  the  importance 
of  early  detection.  The  NIH  has  de- 
cided to  fund  a  number  of  centers  to 
look  at  early  anti-inflammatory  ther- 
apy in  infants  with  chronic  bronchial 
hsperreactivity.  using  either  tradi- 
tional therapy,  inhaled  cromolyn,  or 
inhaled  steroids.  I  hope  that  that  this 
study  will  support  the  use  of  these 
agents  more  frequently.  Many  house 
officers  and  pediatricians  are  re- 
luctant to  use  bronchodilalor  therapy 
even  in  acute  situations  where  you 
lose  nothing  by  trying.  They  will  say 
"everybody  knows  that  there  is  not 
enough  smooth  muscle  in  infants'  air- 
ways to  bronchoconstrict,  and  every- 
body knows  that  bronchiolitis  is  an 
inflammatory  disease,  and  everybody 


knows  that  pulmonary  edema  doesn't 
cau.se  wheezing."  So,  I  would  ask 
you  what  your  suggestions  are  in  that 
regard.  Because,  all  we  can  do  is  ed- 
ucate physicians  one  at  a  time.  It's  a 
very  troublesome  problem.  I  don't 
know  if  Chris  (Green)  or  David 
(Orcnstein)  have  any  comments  .  .  . 
(Jreen:  I'll  add  to  that — I  see  a  prob- 
lem in  the  hospital  with  physicians 
and  therapists  determining  what  is 
wheezing  and  what  is  not.  Some  chil- 
dren make  strange  respiratory  sounds 
that  may  sound  a  little  like  wheezing 
or  may  even  be  wheezing,  but  these 
sounds  clear  after  the  child  coughs. 
These  sounds  are  from  secretions  in 
the  airway.  Some  of  these  children 
have  respiratory  infections  and  some 
may  not  have  bronchial  hyper- 
reactivity. Proper  interpretation  re- 
quires careful  clinical  evaluation 
rather  than  routine  pulmonary  func- 
tion testing  on  every  child.  There- 
fore, we  have  an  educational  role  in 
the  clinic,  on  the  hospital  ward,  or  in 
the  office. 

Martin:  My  curiosity  was  aroused 
by  your  comment  about  the  two-lung 
transplant  patients.  Traditional  teach- 
ing would  have  it  that  vagal  chol- 
inergic pathways  to  airway  smooth 
muscle  are  the  major  mechanism  of 
mediating  bronchoconstriction.  I 
would  imagine  that  if  you  had  a  lung 
transplant,  the  vagus  would  be  den- 
ervated  and  there  would  no  longer  be 
an  intact  cholinergic  pathway. 
Ha/inski:  Well,  it's  not  clear.  The 
paper  in  the  American  Review  of  Res- 
piratory Disease  (these  are  adults  in 
the  Toronto  group)  talks  about  these 
neuroendocrine  cells  in  the  lung  that 
may  have  cholinergic  transmitters  in 
their  granules. 

I  think  patients  with  transplants 
ought  to  be  a  very  rich  source  of  re- 
search regarding  the  control  of 
breathing  and  bronchial  hyperre- 
activity. 

1.     Maurer  JR.  McLean  PA.  Cooper 
JD.  Chanihcrlain   DW,  Grossman 


RF.  Zamel  N,  Toronto  Lung 
Transplant  Group.  Airway  hyper- 
reactivity in  patients  undergoing 
lung  and  hcail/lung  trans- 
plantation. Am  Rev  Respir  Dis 
1989;  1.^9: 1038- 1041. 


Orenstein:  Just  a  couple  of  points. 
Tom  (Hazinski),  1  thought  that  was  a 
very  nice  overview  of  a  very  com- 
mon problem.  A  philosophic  point  is 
if  you're  standing  up  here  in  front  of 
us   questioning    the   design    of  this 
lung,  which  it  seems  that  you  are, 
and  complaining  about  being  stuck 
with   bronchial   smooth  muscle  and 
seeing  only  trouble  from  that,  I  think 
that    Howie    Panitch's    work    shows 
some   benefit    from   having   smooth 
muscle  in  bronchial  walls.  His  work 
has  shown   that   babies   with  trach- 
eomalacia may  get  better  with  me- 
thacholine    and    worse    with    bron- 
chodilator.'  (He  has  done  this  in  the 
lab  with  muscle  strips  as  well  as  in 
vivo  with  babies.)  I  think  this  gives 
us  some  hint  of  a  protective  role  that 
muscle  plays.  If  other  things  that  nor- 
mally would  maintain  patency  of  the 
airway  are  not  there  because  of  de- 
struction as  Lou  Landau-  showed  a 
number  of  years  ago  in  patients  with 
cystic   fibrosis,  then   it  may  be  the 
resting  tone  of  the  smooth  muscle  it- 
self that  maintains  the  patency  of  the 
airway.  So,  maybe  it  is  a  backup  sys- 
tem  for   keeping   those    little   tubes 
open.  That's  my  philosophical  point. 
The     other    thing     is     about     gas- 
troesophageal reflux  (GE  reflux).  As 
you  pointed  out,  GE  reflux  may  in- 
crease bronchial  reactivity.  Clinically 
this  can  be  very  difficult  to  diagnose 
and  manage,  at  least  in  part  because 
the  bronchodilator  agents  that  we  use 
are    pretty    stupid:    They    don't    dil- 
ferentiate    among    different    smooth 
muscles — so    if    you    give    a    bela- 
agonisi    or    theophylline.    \ow    may 
well  relax  bronchial  smooth  muscle, 
you  may  also  relax  lower-esophageal 
sphincter  smooth  muscle.  So,  where- 
as you  ma\'  inilialK  make  what  you 
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think  is  liic  end  orsiiin  hotter,  von 
may  be  making  it  worse  by  in- 
creasing reflux — a  ditTicuit  thing  to 
deal  witli  ehnically. 

1.  Paiiileh  I  IB.  Keklikiaii  KN.  Mot- 
ley RA.  Wollsoii.  MR.  Schidlow 
DV.  Effect  of  alteiinc  smooth 
iiuiscle  loiic  on  ina\ini;il  c\- 
pirator\  flows  in  patients  with 
tracheomalacia.  Peihalr  Pulmoiiol 
1W(I;4:17()-176. 

2.  Landau  LI.  Phelan  PD.  The  var- 
iahlc  effect  of  a  bronchodilating 
agent  on  pulmonary  function  in 
cystic  fibrosis.  J  Pediatr  197.^; 
82:863-868. 

Green:  David  (Orenstein)  or  Tom 
(Hazinski).  do  you  know  if  the  ef- 
fects of  inhaled  beta-adrenergic 
agents  on  the  lower  esophageal 
.sphincter  have  been  studied? 
Orenstein:  No.  I  don't  know. 
Hazinski:  I  don't  either. 
Salyer:  Would  you  comment  on  a 
particularly  frustrating  topic  for 
me — a  lot  of  bronchodilator  therapy 
ordered  on  a  lot  of  infants  and  chil- 
dren who  have  no  visible  signs  of 
wheezing  whatsoever'?  The  reason  I 
am  asking  you  this  is  I  am  told  that  it 
has  a  beneficial  effect  on  tnu- 
cociliary  clearance.  Are  you  familiar 
with  that  literature,  and  is  that  really 
true'.' 

Hazinski:  I  suspect  David  (Oren- 
stein) and  Chris  (Green)  know  more 
about  that.  But,  let  me  just  comment 
about  the  general  problem  of  re- 
quiring wheezing  before  instituting 
bronchodilator  therapy.  I  just  think 
of  wheezing  as  just  one  of  five  or  six 
symptoms  of  airway  obstruction.  We 


have  a  bronchiolitis  outbreak  right 
now  back  home.  If  someboily  says. 
"We  tried  broncluKlilalor  therapy, 
bin  il  didn't  work."  and  I  sas.  "What 
do  you  mean  it  didn't  work. "  And 
they  say  "well,  the  baby  is  still 
whee/ing."  I  ask.  ".So  what  else  hap- 
pened'.'" They  say.  "Well,  the  baby 
fell  asleep,  his  heart  rate  went  from 
190  to  12.^.  his  respiratory  rate  went 
from  7.'i  to  >{).  and  his  oxygen  sat- 
uration stabilized."  And  1  ask  "So, 
does  any  of  thai  count  as  beneficial 
effects  of  bronchodilator  therapy'?" 
And  they  say  "Oh.  well,  yes  I  guess 
so."  But  I  think  there  are  mistakes 
made  in  both  directions — you  know, 
requiring  wheezing  before  instituting 
therapy,  or  requiring  the  dis- 
appearance of  wheezing  as  a  criteria 
of  improveiTient.  There  is  very  little 
relationship  between  lung  mechan- 
ics, lung  sounds,  and  gas  ex- 
change— the  first  two  are  surpris- 
ingly insensitive  measurements.  In 
recent  reports  of  transbronchial  biop- 
sies on  moderately  severe,  stable 
asthmatics,  and  in  patients  dying 
with  asthma,  the  transbronchial  biop- 
sies in  both  groups  of  patients  look 
very  similar — there's  inflammation 
all  over  the  place.'  So  I  think  we 
have  to  really  rethink  this  whole 
business  about  w  hat  asthma  really  is. 

1.  Foresi  A.  Bertorclli  G,  Pesci  A.  et 
al.  Inflammatory  markers  in  bron- 
choalveolar  lavage  and  in  bronchi- 
al biopsy  in  asthma  during  re- 
mission. Chest  lW():98:,'i28-.';,\'5. 

Green:  To  address  your  (Salyer's) 
question,  to  my  knowledge  ter- 
butaline  has  been  studied,  I  believe 


by  Sackner's  group  in  Miami,  ami 
has  been  shown  to  increase  mu- 
cociliary clearance'  Other  beta 
agenls  have  also  been  siudieil.  anti 
have  actually  been  slu)wn  to  increase 
mucociliary  clearance. 

1.  Santa  Cru/  R.  I.arula  J.  Ilirsch  J. 
.Sackncr  MA.  I'racheal  mucous 
velocity  in  normal  man  and  pa- 
tients with  obstructive  lung  dis- 
ease: Effects  of  terbutaline.  Am 
Rev  Re.spir  Dis  I974;l()9:4.'i8- 
463. 

2.  Wanner  A.  Clinical  aspects  of  mu- 
cociliary transport.  Am  Rev  Re- 
spirDis  1977:116:73-125. 

Goldberg:  There  is  some  work 
showing  improvement  in  mu- 
cociliary function  using  beta- 
adrenergic  agents.''  Furthermore,  a 
number  of  infants  who  require  me- 
chanical ventilation  for  treatment  of 
respiratory  distress  syndrome  have 
evidence  of  increased  resistance, 
which  may  respond  dramatically  to 
bronchodilators.' 

1.  Wood  RE.  Wanner  A.  Hirsch  J. 
Farrell.  Tracheal  mucociliary 
transport  in  patients  with  cystic  fi- 
brosis and  its  stimulation  by  ter- 
butaline. Am  Rev  Respir  Dis 
1975:111:733-738. 

2.  Cammer  P,  Standberg  K.  Philip- 
son  K.  Increased  mucociliary 
transport  by  cholinergic  stimula- 
tion. Arch  Environ  Health 
1974:29:220-224. 

3.  Goldman  SL.  Gerhardt  T,  Sonni 
R.  et  al.  Early  prediction  of  chron- 
ic lung  disease  by  pulmonary 
function  testing.  J  Pediatr  1983: 
102:613-617. 
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Cystic  Fibrosis 

David  M  Orenstein  MD 


Cystic  fibrosis  (CF)  is  the  most  common  lethal 
genetic  disease  in  white  populations.'  Although  the 
complex  of  signs  and  symptoms  that  make  up  this 
syndrome  has  been  recognized  since  1938,^  the  basic 
biochemical  defect  has  only  recently  begun  to  come 
to  light.3  CF  affects  virtually  every  organ  system 
with  epithelial  surfaces — most  importantly,  the 
lungs,  pancreas,  intestinal  mucous  glands,  and  sweat 
glands.  A  common  pathogenetic  mechanism 
underlying  the  involvement  of  the  major  target 
systems  is  an  alteration  of  ion  transport  across 
epithelial  surfaces.  Faulty  functioning  of  the 
chloride  channel  of  these  epithelial  cells  leads  to 
relative  dehydration  of  luminal  secretions.^  These 
abnormally  viscous  secretions  cause  the  blockage 
of  ducts  and  air  passages. 

Genetics  and  Prevalence 

CF  is  inherited  as  an  autosomal  recessive  disorder. 
It  occurs  in  approximately  1  in  every  2,500  live 
births  in  white  American  and  northern  European 
populations,  and  in  about  1  in  every  17,000  births 
in  American  blacks;  it  is  virtually  unheard  of  in 
Asian  populations."*  More  than  5%  of  the  white 
population  are  presumed  to  be  heterozygous  for  CF. 
The  gene  for  CF  is  located  on  the  long  arm  of 
Chromosome  7.  The  most  common  mutation  is  a 
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deletion  of  phenylalanine  at  position  508 
("AF508").  This  mutation  apparently  alters  a 
protein  product,  referred  to  as  CFTR  (cystic  fibrosis 
transmembrane  regtilator),  that  accounts  for  the 
basic  defect  in  ion  transport. ^  This  particular 
mutation  accounts  for  70-80%  of  cases  of  CF.^  More 
than  90  other  mutations  at  the  CF  locus  have  been 
discovered,  together  accounting  for  only  a  small 
additional  proportion  of  CF  cases.''  Prenatal  testing 
and  carrier  testing  can  be  accomplished  in  virtually 
every  family  having  a  family  member  with  CF,  using 
direct  mutation  analysis  or  a  combination  of 
mutation  analysis  and  marker  testing  employing 
restriction  fragment  length  polymorphisms.^ 
Population  screening  for  the  carrier  state  is  not  yet 
feasible,  and  testing  for  CF  in  utero  in  the  absence 
of  a  family  history  of  CF  is  not  useful. 

Clinical  Manifestations 

Gastrointestinal  Tract 

Exocrine  pancreatic  insufficiency  is  present  at 
birth  in  approximately  90%  of  CF  patients'  and  is 
manifest  by  maldigestion  of  fats  and  protein,  with 
consequent  malabsorption,  steatorrhea,  and  failure 
to  thrive.'  Patients  may  come  to  the  physician  with 
evidence  of  deficiencies  of  fat-soluble  vitamins.' 
Bowel  obstruction,  a  result  of  thickened  intestinal 
mucus  and  pancreatic  insufficiency,  may  be  present 
at  birth  (meconium  ileus)  in  10%  of  patients, "^  or 
later  in  life  (meconiumileus  equivalent,  now 
preferably  referred  to  as  distal  intestinal  obstruction 
syndrome,  DIOS')  in  20  to  25%.'  Rectal  prolapse, 
caused  by  the  same  factors  (and  perhaps  by 
malnutrition,  with  loss  of  musculature),  is  seen  in 
20%  of  CF  patients  in  the  first  years  of  life." 
Intussusception  is  much  less  common,  but  CF 
patients  account  for  a  significant  portion  of  the 
patients  with  intussusception  after  1  year  of  age.'^ 
Liver  pathology,  including  nonspecific  steatosis  and 
the  specific  lesion,  focal  biliary  fibrosis,  is  common 
histologically;'^  however,  cirrhosis  with  clinically 
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important  manifestations  such  as  hepatic  failure  or 
portal  hypertension  with  hypersplcnism  and/or 
bleeding  esophageal  varices  is,  fortunately,  rare.'^ 
Children  or  adults  with  clinically  intact  pancreatic 
function  may  develop  acute  pancreatitis. 

The  absence  of  gastrointestinal  manifestations 
often  delays  the  diagnosis  of  CF. 

Sweat  Glands 

The  chloride  transport  defect  seen  in  all  epithelia 
in  CF  is  expressed  clearly  in  the  sweat  glands, 
leading  to  the  characteristic  high  salt  content  of  CF 
sweat,  and  provides  the  basis  for  the  sweat  test 
(discussed  later).  CF  patients  lose  more  salt  during 
exercise  in  the  heat  than  do  normal  persons, •''  and 
they  may  experience  heat  prostration.  Infants  may 
be  brought  in  for  medical  care  with  hyponatremia 
and  hypochloremia.'^ 

Respiratory  Tract 

The  upper  respiratory  tract  is  involved  in  most 
CF  patients,  with  radiographic  evidence  of 
pansinusitis.  This  is  seldom  clinically  bothersome 
to  the  patient  but  occasionally  is  helpful  diagnos- 
tically.  Nasal  polyps  may  be  found  in  as  many  as 
25%  of  these  patients.'^ 

The  lower  respiratory  tract  involvement  in  CF 
accounts  for  well  over  90%  of  the  morbidity  and 
mortality.'  Although  the  lungs  are  histologically 
nonmal  at  birth,  obstructive  pulmonary  disease, 
beginning  in  the  small  airways,  eventually  is  present 
in  almost  all  patients.  Recurrent  cough  and/or 
wheeze,  which  may  be  diagnosed  as  recurrent 
bronchiolitis,  asthma,  or  pneumonia,  are  often  the 
first  indications  of  pulmonary  involvement.  As  the 
disease  progresses,  hyperinflation,  crackles,  and 
rhonchi  become  apparent. 

The  older  child  (6  to  7  years  and  older)  who 
is  able  to  cooperate  in  the  pulmonary  function 
laboratory  produces  tests  with  a  pattern  of 
obstructive  airways  disease:  decreased  vital 
capacity,  decreased  forced  expiratory  volume  in  1 
second,  decreased  peak  expiratory  flow,  and 
increased  residual  volume,  indicative  of  air 
trapping.  I''  These  obstructive  changes  show  varying 
responses  to  bronchodilator  inhalation,  with  which 
some  patients  apparently  improve,  whereas  many 


do  not  change,  and  others  actually  worsen.  The 
response  to  bronchodilators  is  not  consistent  over 
time.'^  Exercise  testing  typically  shows  reduced 
exercise  tolerance  and  fitness,  with  a  comparatively 
large  minute  volume  for  the  oxygen  consumed, 
presumably  because  of  greater  than  normal  dead- 
space  ventilation.  Typically,  a  higher  than  normal 
proportion  of  the  ventilatory  capacity  is  required 
at  peak  work  loads. 

The  pulmonary  function  and  exercise  tests  are 
relatively  sensitive  tools  for  following  progression 
of  disease  in  the  older,  cooperative  child. 

Chronic  pulmonary  infection,  with  acute  exac- 
erbations, is  characteristic  of  CF  patients.  Staphy- 
lococcus aureus,  Hemophilus  influenzae,  and  a 
variety  of  gram -negative  organisms  may  be  involved 
in  the  early  stages,  but  eventually  the  vast  majority 
of  patients  become  colonized  with  Pseudomonas 
aeruginosa}'^  Many  patients  have  pseudomonas  at 
diagnosis.  There  seems  to  be  a  unique  relationship 
between  CF  patients  and  pseudomonas;  at  least  half 
of  all  CF  patients  are  colonized  with  a  peculiar 
mucoid  strain  of  this  organism  that  is  seldom  seen 
in  other  human  disease  states.''-^"  Recently,  other 
organisms,  such  as  Aspergillus  fumigatus  and 
Pseudomonas  cepacia,  have  become  increasingly 
important  as  pulmonary  pathogens. '^  Despite  the 
universal  finding  of  chronic  pulmonary  colonization 
and  infection,  extrapulmonary  infection  is  unusual, 
indicating  that  any  defect  in  defense  mechanisms 
is  limited  to  the  lungs.  Pulmonary  defenses  are 
almost  certainly  inhibited  by  viscid  mucus. 
Mucociliary  transport  rates  are  dramatically  reduced 
in  CF  patients.2'  There  may  be  circulating  and/or 
locally  secreted  toxins  that  inhibit  the  phagocytosis 
and  killing  of  pseudomonas  by  pulmonary  alveolar 
macrophages  and  neutrophils.22.23 

The  chain  of  events  caused  by  chronic  infection 
with  acute  exacerbations  begins  with  bronchiolitis 
and  leads  through  bronchitis  to  bronchiectasis, 
peribronchial  fibrosis,  and  progressive  loss  of 
pulmonary  function.  Figure  1  illustrates  the  cascade 
of  events  that  lead  to  and  result  from  airways 
infection. 
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Fig.  1 .  The  cascade  of  factors  leading 
to  bronchial  obstruction  and  destruc- 
tion in  cystic  fibrosis.(1 )  The  abnormal 
gene  encodes  an  abnormal  protein 
that  (2)  alters  the  movement  of  sodium 
and  chloride  through  cell  walls,  leading 
to  (3)  dry  mucus  that  (4)  blocks 
bronchioles  and  bronchi.  With  bron- 
chial blockage,  (5)  infection  and  (6) 
inflammation  take  hold.  Both  infection 
and  inflammation  can  cause  the 
release  of  (7)  toxic  chemicals  that 
interfere  with  lung  defenses  and 
damage  tissues,  thus  worsening  the 
infection  and  inflammation.  Inflamma- 
tion also  causes  (8)  swelling  of  the 
bronchial  wall,  thus  worsening  bron- 
chial blockage.  Finally,  in  some  indi- 
viduals, inflammation  may  lead  to  (9) 
bronchospasm. 


Pulmonary  complications  include  pneumothorax, 
hemoptysis,  segmental  and  lobar  atelectasis,  and 
pulmonary  hypertension  leading  to  cor  pulmonale. 

Other  Organ  Systems 

The  reproductive  tract  is  involved  in  most  male 
patients,  with  atresia  of  the  vas  deferens  and 
consequent  obstructive  azoospermia  and  sterility.24 
In  female  patients,  thick  cervical  mucus  often  results 
in  decreased  fertility.25  Delayed  puberty  may  be  seen 
in  either  sex  as  a  consequence  of  chronic  illness 
and  p)oor  nutrition.  Some  adolescents  and  adults 
display  a  unique  pattern  of  hyperglycemia  and 
abnormal  glucose  tolerance  tests,  but  they  almost 
never  have  ketoacidosis  or  diabetic  nephropathy  or 
retinopathy. 

Long  bones  and  adjacent  joints  may  be  involved 
with  hypertrophic  pulmonary  osteoarthropathy. 
Digital  clubbing  is  a  nearly  universal  finding  in 
patients  with  even  mildly  abnormal  lung  function. 


Diagnosis 

Diagnosis  usually  must  rest  on  the  clinical 
features  of  the  disease.^^  Currently,  the  accepted 
criteria  for  diagnosis  of  CF  are:  (1)  a  positive  sweat 
test  (a  sweat  chloride  concentration  greater  than  60 
mEq/L  on  a  sample  of  at  least  100  mg,  obtained 
after  maximal  stimulation  by  pilocarpine  ionto- 
phoresis), (2)  chronic  obstructive  pulmonary 
disease,  (3)  exocrine  pancreatic  insufficiency,  and 
(4)  a  family  history  of  the  disease. ^^  Most  experts 
require  at  least  two  of  these  criteria  for  establishing 
a  diagnosis  of  CF,  and  the  diagnosis  is  almost  never 
made  without  a  positive  sweat  test.  Theoretically, 
the  sweat  test  is  simple,  but  false  positives  and  false 
negatives  are  very  common  in  tests  performed 
outside  established  CF  centers.^'' 

It  must  be  stressed  that  the  key  to  making  the 
diagnosis  is  a  high  index  of  suspicion  in  the  presence 
of  any  of  the  manifestations.  Table   1   lists  the 
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Table  1.  Indications  for  Sweat  Testing* 


Pulmonary  Indications 


Gastrointestinal  Indications 


Other  Indications 


Chronic  cough 

Digital  clubbing 

Recurrent  or  chronic  pneumonia 

Recurrent  bronchiolitis 

Mucoid  pseudomonas 

Hemoptysis 
Atelectasis 


Meconium  ileus,  steatorrhea, 
malabsorption 

Rectal  prolapse 

Cirrhosis  (portal  hypertension; 
esophageal  varices) 

Prolonged  neonatal  jaimdice 


Hypoprothrombinemia 
beyond  newborn  period 

Pancreatitis 

Intussusception  (>  2  yr  old) 


Family  history  of  cystic 
fibrosis 

Failure  to  thrive 

Salty  sweat;  salty  taste 
when  kissed 

Low  serum  sodium  or 
chloride;  heat  prostration 

Two  positive  IRT  blood 
spot  tests  in  newborn  period 

Nasal  polyps 

Pansinusitis 


*  Modified  from  Reference  28,  with  permission.    IRT=Immunoreactive  trypsin 


indications  for  a  sweat  test.  Most  physicians  are 
sufficiently  aware  of  the  disease  that  few  children 
with  the  triad  of  growth  failure,  steatorrhea,  and 
chronic  pulmonary  disease  escape  diagnosis. 
However,  atypical  patients,  especially  those  who 
have  no  clinically  apparent  pancreatic  involvement 
(as  many  as  10%  of  all  CF  patients')  or  who  have 
normal  growth,  may  escape  diagnosis  for  years. 
There  is  no  such  thing  as  a  child  who  "looks  too 
good"  to  have  CF. 

Newborn  Screening 

An  elevation  of  blood  immunoreactive  trypsin 
(IRT)  is  found  in  most  newborns  with  CF.^'  The 
assay  for  IRT  can  be  carried  out  on  the  dried  blood 
spots  obtained  from  newborns  for  routine  screening 
(eg,  for  phenylketonuria  and  hypothyroidism).  This 
test  has  been  used  in  a  number  of  states  and 
countries,  and  its  use  is  likely  to  continue.  There 
appear  to  be  very  few  false  negatives  with  this 
screen,  but  there  is  a  very  large  proportion  of  false 
positive  tests. 29  This  requires  repeating  the  analysis 
for  IRT  after  one  positive  test.  If  the  second  test 
stiU  shows  elevated  IRT  (usually  at  several  weeks 
of  age),  definitive  testing  must  be  carried  out. 

Molecular  genefic  techniques  may  help  establish 
the  diagnosis  in  some  cases.  Identification  of  the 


most  common  CF  mutation  (AF508)  is  now  routine 
through  polymerase  chain  reaction  (PCR)  tech- 
nology in  some  genetics  laboratories.^  Absence  of 
this  mutation  does  not  rule  out  CF,  and  dozens  of 
less  common  mutations  are  not  detectable  in  any 
but  a  few  research  laboratories. 

It  must  finally  be  emphasized  that  this  is  a  disease 
in  which  early  diagnosis  and  institution  of  an 
aggressive  treatment  program  make  a  difference  in 
quality  and  length  of  life.^°  Efforts  at  pursuing  this 
diagnosis  wiU  be  rewarded  by  the  family's  peace 
of  mind  in  the  case  of  a  negative  result  and  the 
knowledge  of  an  improved  outlook  for  the  child 
in  the  event  of  a  positive  result. 

Treatment 

Cystic  fibrosis  is  a  complex  disease,  and  patients 
require  a  comprehensive  care  program.  This  is 
usually  best  carried  out  in,  or  at  least  coordinated 
from,  a  specialized  center  where  many  different 
specialists  are  available.  Therapy  has  three  primary 
components:  pulmonary,  gastrointestinal,  and 
psychologic. 

Pulmonary  Therapy 

The  goal  of  pulmonary  therapy  is  to  prevent  or 
delay  progression  of  the  pulmonary  lesion.  This  is 
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accomplished  through  the  relief  of  airway  obstruc- 
tion and  inflammation  and  the  control  of  infection. 

Therapy  for  Obstruction 

Chest  physical  therapy  (CPT)  with  percussion  and 
postural  drainage  is  the  mainstay  of  most  treatment 
programs,^'  despite  the  lack  of  definitive  studies 
to  indicate  the  ideal  time  for  instituting  this  treatment 
or  the  benefits  of  various  techniques.  Most  patients 
undergo  CPT  to  all  pulmonary  segments  at  least 
once  and  up  to  four  times  daily,  with  increased 
frequency  at  the  time  of  clinical  pulmonary 
exacerbation.31  Many  patients  have  found  that 
mechanical  percussors  ease  this  arduous  task. 

Exercise 

Various  investigators  have  shown  aerobic 
exercise  (jogging  and  swimming)  to  be  beneficial 
for  CF  patients  in  terms  of  increased  fitness  and 
work  capacity ,32  and  there  is  some  suggestion  that 
such  exercise  may  be  as  effective  as  traditional  CPT 
in  relief  of  pulmonary  obstruction. ^^  However,  until 
a  definitive  study  is  available,  most  experts  advise 
the  use  of  both  exercise  and  CPT.^^ 

Aerosol  Therapy 

Continuous  aerosol  therapy  came  into  and  went 
out  of  vogue  in  the  past  20  years  with  no  adequate 
evaluation.  1  Intermittent  aerosols  are  much  more 
widely  used  but  are  also  somewhat  controversial. • 
Intermittent  aerosols  have  been  used  to  deliver 
various  tyf)es  of  medication.  Bronchodilators  clearly 
increase  airflow  acutely  in  some  patients,  but  they 
make  no  difference  in  many,  and  in  a  few  they 
actually  reduce  airflow  (perhaps  because  of  a 
reduction  in  bronchomotor  tone  in  airways  kept 
patent  only  by  abnormally  high  tone).^  There  have 
been  no  studies  of  the  effects  of  long-term 
bronchodilator  aerosol  use.  Mucolytic  agents  (eg, 
n-acetycysteine)  are  favored  by  many  and  are 
effective  in  the  test  tube,  but  they  may  cause 
irritation,  bronchoconstriction,  and  bronchorrhea  in 
vivo.35  Vasoconstrictors  (eg,  phenylephrine)  are 
commonly  used  to  reduce  mucosal  edema,  although 
their  efficacy  has  yet  to  be  established.  Antibiotics 
(especially  aminoglycosides  and  the  anti- 
pscudomonas  penicillin  derivatives'^)  have  been 
delivered  by  aerosols,  apparently  with  favorable 
results. 


Several  experimental  aerosol  therapies  have  been 
introduced  and  await  definiUve  study  to  confirm 
their  safety  and  efficacy.  These  include  amiloride,^^ 
which  may  improve  epithelial  chloride  and  sodium 
transport,  making  airway  luminal  contents  less 
viscous;  DNase,  which  can  degrade  ncutrophil- 
derived  DNA  and  therefore  decrease  the  viscosity 
of  airway  secretions;^''  and  alpha- 1  antitrypsin, 
which  may  diminish  the  inflammatory  effects  of 
neutrophil-derived  proteases.^* 

Therapy  for  Inflannnation 

Several  approaches  have  been  suggested  to 
diminish  airways  inflammanon  in  CF,  including 
systemic  steroids  (alternate-day  prednisone^')  and 
ibuprofen.'*°  Eariy  studies  have  had  mixed  results, 
with  apparent  benefits  in  some  patients,  yet 
unacceptable  side  effects  in  others.'"  A  definiUve 
statement  about  the  efficacy  and  toxicity  of  such 
anti-infiammatory  therapy  must  await  the  results  of 
several  collaborative  studies  currenUy  under  way. 

Therapy  for  Infection 

There  is  general  agreement  that  antibiotic 
treatment  has  probably  been  the  single  most 
important  factor  in  the  greaUy  improved  prognosis 
in  CF.  Colonization  and  infection  with  staphylo- 
coccus and  later  pseudomonas  are  nearly  universal, 
and  clinical  exacerbations  of  pulmonary  disease 
have  been  convincingly  linked  to  worsening 
infection.  Staphylococcus  and  hemophilus  may 
occasionally  be  eliminated  from  the  bronchial  tree 
in  CF,  but  once  pseudomonas  colonization  is 
established,  it  is  almost  never  eradicated.  It  may, 
however,  be  controlled. 

Antibiotic  Strategies 

Some  CF  centers  advocate  continuous  "prophy- 
lacfic"  anfibiotic  treatment.  There  is  some  concern 
that  this  approach  might  lead  to  the  early  emergence 
of  drug-resistant  flora.''  Another  approach  is  to 
restrict  the  use  of  anUbiotics  to  times  of  exacerbation 
of  pulmonary  disease,  as  evidenced  by  increased 
symptoms  or  signs  (such  as  cough  or  sputum 
production),"  or  worsening  chest  radiograph  or 
pulmonary  function  test  results.  Because  some 
patients,  especially  those  with  advanced  disease,  will 
suffer  exacerbations  whenever  they  arc  not  being 
treated   with   antibiotics,   virtually   continuous 
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treatment  is  occasionally  indicated. '^  Still  a  third 
approach  is  to  treat  patients  with  fuU-dosc  drugs, 
based  on  culture  results,  for  2  to  3  weeks  every 
1  or  2  months  if  there  is  any  evidence  of  pulmonary 
disease. '9  It  is  not  clear  at  present  which  strategy 
is  most  successful. 

A  cornerstone  of  most  successful  treatment 
programs  is  frequent  physician  evaluation  of 
patients,  including  bacterial  examination  of 
respiratory  tract  flora. '^  Oral  antibiotics  (dicloxa- 
cillin,  cephalosporins,  amoxicillin,  Irimethroprim 
with  sulfamethoxazole,  tetracyclines,  and  chloram- 
phenicol) arc  often  adequate  when  the  offending 
organism  is  staphylococcus  or  hemophilus,  and  even 
on  occasion  when  pseudomonas  is  the  only  organism 
isolated  in  culture.'' 

The  quinolones  (eg,  ciprofloxacin,  norfloxacin) 
are  a  relatively  new  class  of  oral  antibiotics  with 
impressive  activity  against  pseudomonas  in  the  lung. 
Because  most  studies  have  suggested  that  there  is 
a  rapid  emergence  of  resistant  organisms  during 
treatment  with  quinolones,  many  experts  recom- 
mend reserving  their  use  in  CF  to  severe  exacer- 
bations of  pulmonary  disease  that  otherwise  would 
have  prompted  initiation  of  intravenous  therapy.''^ 

Intravenous  antibiotics  are  indicated  when  the 
patient  does  not  respond  to  outpatient  oral 
administration  of  antibiotics. '^  The  important 
consideration  in  the  decision  to  hospitalize  a  patient 
and  begin  parenteral  therapy  is  whether  the  child 
is  sicker  than  his  own  baseline,  and  not  whether 
the  child  seems  dreadfully  ill.  It  is  clear  that  a 
tremendous  amount  of  lung  can  be  lost  irreversibly 
while  a  child  still  looks  reasonably  well.  Because 
Pseudomonas  aeruginosa  is  usually  the  offending 
organism,  intravenous  therapy  is  commonly  carried 
out  with  an  aminoglycoside  and  an  anti- 
pseudomonas  penicillin  or  a  third-generation 
cephalosporin. '^  Intravenous  antibiotics  are  usually 
administered  during  hospitalization,  but  in  carefully 
selected  cases  they  may  successfully  be  adminis- 
tered at  home.'' 

Aerosolized  antibiotics  may  be  effective  in  many 
patients  colonized  with  pseudomonas."  In  those 
who  have  severe  airways  obstruction,  aerosol 
penetration  into  the  lung  may  be  limited  and  render 
this  form  of  treatment  less  valuable.  Patients  who 
cannot  tolerate  certain  drugs  (eg,  colistin)  intrav- 


enously may  do  well  with  the  same  drugs  delivered 
by  aerosol. 

Lung  Transplantation 

Heart-lung  or  double-lung  transplantation  has 
been  successful  in  a  limited  number  of  CF  patients 
with  end-stage  disease.''^  One-year  survival  ranges 
from  50  to  75%.  Donor-organ  availability  is  a 
limiting  factor  for  most  North  American  lung- 
transplant  programs,  and  pre-transplant  mortality  is 
very  high  among  those  on  many  transplant  waiting 
lists.  After  transplantation,  problems  with  organ 
rejection,  immunosuppression,  infection,  finances, 
and  psychologic  adjustment  require  constant 
attention.''^  Nonetheless,  some  patients  have  had 
excellent  results,  with  return  to  full-time  work  or 
school.''^ 

Pulmonary  Complications:  Pneumothorax 

Many  pneumothoraces  will  eventually  resolve 
with  simple  chest  tube  drainage  but  may  recur  at 
rates  of  50  to  lOO^c.-*^  Therefore  it  is  advisable  to 
enlist  some  form  of  prevention.  The  instillation  of 
chemical  sclerosing  agents  has  been  used  with  some 
success.""  In  our  patients,  the  most  successful 
treatment  for  early  resolution  of  the  pneumothorax, 
prevention  of  subsequent  episodes,  and  least 
morbidity  has  been  open  thoracotomy  through  a 
small  subaxillary  incision,  permitting  identification 
and  excision  of  any  apical  blebs,  stripping  of  the 
apical  pleura,  and  manual  abrasion  of  the  remainder 
of  the  accessible  pleura.''^ 

The  approach  to  pneumothorax  in  CF  may  be 
undergoing  a  change  because  surgical  or  chemical 
ablation  of  the  pleural  space  is  considered  a 
contradindication  to  lung  transplantation  in  most 
centers.''^ 

Pulmonary  Complications:  Hemoptysis 

Hemoptysis  is  a  common  complication  and, 
although  terrifying  to  patient  and  family,  rarely  is 
severe  enough  to  require  transfusion.''^  Deaths  have 
been  reported''''  but  are  exceedingly  rare.  Hemop- 
tysis is  thought  to  be  the  result  of  local  infection 
eroding  an  adjacent  small  blood  vessel.  The 
appropriate  treatment  for  all  but  the  most  over- 
whelmingly brisk  bleeding  is  to  reassure  the  patient 
and  family  and  to  initiate  or  continue  aggressive 
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trcalmenl  of  pulmonary  infection,  including  chest 
physical  therapy  and  antibiotics.''^  In  some  patients, 
hemoptysis  may  be  associated  with  the  platelet- 
aggregation  defect  seen  with  carbenicillin  or 
ticarcillin  therapy.''^  Because  CF  patients  malabsorb 
fat-soluble  vitamins,^  treatment  of  hemoptysis 
includes  supplementing  with  Vitamin  K."*^  In  the 
rare  recalcitrant  case  of  hemoptysis,  embolization 
of  the  offending  bronchial  artery  under  radiologic 
guidance  may  bring  resolution  of  the  bleeding.''* 

Gastrointestinal  Therapy 

The  main  goal  of  gastrointestinal  therapy  is  to 
establish  good  nutrition.  Since  pancreatic-enzyme 
replacement  preparations  and  especially  enteric- 
coated  preparations  became  available,  this  once 
insurmountable  problem  has  become  quite  manage- 
able.^ The  correct  dose  of  enzyme  is  decided  by 
trial  and  error,  titrating  against  the  symptoms  and 
signs  of  maldigestion  and  malabsorption  (steator- 
rhea, abdominal  discomfort,  excessive  hunger,  and 
poor  weight  gain).  Supplemental  vitamins,  espe- 
cially fat-soluble  A  and  E,  should  be  administered 
at  twice  their  recommended  daily  doses.^  Diet  need 
not  be  sjxicially  tailored  for  the  CF  patient  as  long 
as  adequate  balanced  calorics  are  supplied. 
Especially  with  good  enzyme  replacement,  more 
psychologic  harm  than  nutritional  good  may  be  done 
by  painstaking  attention  to  a  special  "CF  diet," 
which  would  contribute  to  a  patient's  feeling 
different  from  family  and  peers. 

Gastrointestinal  Complications 

Meconium  ileus  and  distal  intestinal  obstruction 
(DIOS)  can  usually  be  treated  with  careful 
administration  of  meglumine  diatrizoate  (Gastro- 
grafin)  enemas.'  DIOS  in  its  eariy  stages  may 
respond  to  large  volumes  of  oral  or  nasogastric 
GoLytely,  obviating  the  need  for  enemas.'''  Rectal 
prolapse  is  treated  by  gentle  manual  pressure  on 
the  protruding  rectum  and  is  prevented  by 
adjustment  of  diet  and  enzymes  to  reduce  bulky 
stools."  There  is  no  treatment  yet  for  the  uncommon 
cirrhosis,  but  endoscopic  sclcropathy  may  be 
lifcsaving  and  may  obviate  the  need  for  portocaval 
shunting  in  the  rare  cases  of  symptomatic  esophageal 
variccs.5o  Liver  transplantation  has  been  carried  out 
in  a  few  patients  with  CF,  with  results  similar  to 


those  in  non-CF  liver  recipients.^'  Surprisingly, 
pulmonary  function  has  not  worsened,  and  may  even 
have  improved  in  these  CF  patients  after 
transplantation.51 

Psychologic  Considerations 

The  emotional  burdens  of  a  genetic,  incurable, 
progressive,  life-shortening,  financially  draining, 
and  activity-limiting  disease  on  patient  £ind  family 
are  great.  It  is  remarkable  how  well  the  large 
majority  of  patients  and  families  adjust,  with  a  very 
low  incidence  of  depression.^^  Issues  that  patients 
must  face  include  education  and  vocation,  marriage, 
reproduction,  medical  expenses,  independent  living, 
and  anticipation  of  disability  and  death.  Establishing 
and  maintaining  a  positive,  optimistic,  yet  realistic 
attitude  are  extremely  important.  These  goals  are 
attainable,  especially  if  the  primary  physician  shares 
this  attitude  and  maintains  a  close,  supportive 
relationship  with  the  patient  and  family.  Knowledge 
of  the  tremendously  improved  prognosis  over  the 
past  decades  facilitates  such  an  attitude. 

Miscellaneous  Treatment  Considerations 

Hyperglycemia  occurs  in  a  small  but  important 
group  of  CF  patients  and  may  require  insulin 
therapy."  Salt  loss  may  be  excessive,  especially 
during  exertion  in  warm  weather.'''  Infants  may 
require  small  amounts  of  supplemental  salt,  but  older 
children  and  adults  will  regulate  their  salt  intake 
quite  adequately  if  given  free  access  to  the  salt 
shaker.  Salt  tablets  are  not  necessary  and  may  be 
harmful. 

Prognosis 

Almost  all  children  with  cystic  fibrosis  died 
before  school  age  when  the  disease  was  first 
recognized  in  the  late  1930s.  Institution  of 
specialized  CF  centers  and  comprehensive,  aggres- 
sive treatment  programs  beginning  in  the  1950s  has 
improved  the  prognosis  tremendously.  National 
median  survival  was  10.6  years  in  1966,  20  years 
in  1981,  and  28  years  in  1989.^''  There  are  currently 
many  patients  in  their  twenties  and  thirties  with 
excellent  lung  function,  and,  at  the  end  of  1988, 
21.5%  of  CF  patients  in  the  United  States  were 
21  years  old  or  older.^''  Survival  probably  depends 
on  several  factors,  including  inherent  severity  of 


752 


RESPIRATORY  CARE  •  JULY  '91  Vol  36  No  7 


CYSTIC  FIBROSIS 


the  disease,  perhaps  dclermincd  by  genotype; 
aggressiveness  of  the  treatmcnl  program  as 
prescribed  by  tJic  physician  and  earned  out  by  the 
patient  and  family;  luid  some  degree  of  chance, 
especially  concerning  contact  wiUi  various  bacterial 
and  viral  pathogens.  In  general,  the  survival  of  male 
patients  is  better  than  tliat  of  fcmales.55  Perhaps 
most  import;inlly,  long-term  prognosis  may  depend 
on  the  timing  of  diagnosis  and  institution  of 
treatment.  Several  studies  indicate  that  those  CF 
patients  who  are  diagnosed  and  who  begin  an 
aggressive  treatment  program  before  the  onset  of 
irreversible  pulmonary  damage  have  significantly 
belter  pulmonary  function  and  survival  than  those 
discovered  and  treated  only  after  considerable 
pulmonary  tissue  has  been  lost.-^  The  recent 
discovery  of  the  gene,^  the  uncovering  of  the  basic 
defect,^  and  the  very  exciting  research  breakthrough 
of  using  gene-transfer  techniques  to  cure  the  basic 
defect  in  CF  cells  in  the  test  tubc'^  have  all  raised 
hopes  for  improved  treatments  and  even  the 
possibility  of  a  cure  within  the  foreseeable  future. 
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Orenstein  Discussion 

O'Rourke:  Da\i(J  (Orenstein).  par- 
ticularly coming  Irom  PittsbLirgh. 
could  you  make  a  statement  on  the 
role  ol  transplant  in  cystic  fibrosis? 

Orenstein:  Our  surgeons  have  done 
liver  transplantations  in  some  do/.en 
patients  with  cystic  fibrosis,  and  we 
reported  the  first  nine  of  those  in  a 
Letter  to  the  Editor  in  Lancet  a  few 
years  ago.'  However,  I  assume  you're 
talking  about  lung  transplantation, 
which  is  starting  to  be  relevant  to 
many  more  patients  than  liver  trans- 
plantation. Our  surgeons  have  now 
done  double-lung  transplants  on 
eight  patients  with  cystic  fibrosis, 
and  the  last  six  have  done  very,  very 
well.  The  surgeons  in  England  have 
more  experience.- '  They  have  trans- 
planted many  dozens  of  patients, 
with  somewhere  between  67  and 
75%  one-year  survival.  Our  survival 
is  now  rivaling  that,  and  we  currently 
tell  patients  who  are  considering 
lung  transplantation  that  they  have  to 
anticipate  a  30-  ."iO^i  chance  of  not 
leaving  the  hospital.  So.  I  think  the 
kinds  of  things  that  I  say  to  patients 
are  the  kinds  of  things  that  I  believe. 
I  really  believe  that  you  are  trading 
one  disease  for  another.  I  think  that 
the  patients  who  do  well  do  so  for  a 
relatively  short  period  of  time,  as  of 
right  now,  with  this  very  new  ther- 
apy. We  don't  know  what  awaits 
them  several  years  down  the  line.  Pa- 
tients who  don't  do  well  do  mis- 
erably. And  yet.  as  I  said,  some  of 
the  patients  for  short-temi  are  doing 
very,  very  well.  But,  it's  really  an  un- 
known. I  think  it  has  changed  life  in 
a  very  positive  way  for  quite  a  few 
patients,  and  it's  here.  There  is  no 
question  that  it's  here.  I  don't  know  if 
I'm  answering  you  satisfactorily;  I 
think  you  can  probably  tell  I'm  torn. 
It's  a  very  difficult  issue.  I  think,  here 
we  are  in  philosophy  again — part  of 
it  is  that  the  way  medical  technology 
goes,  death  is  unacceptable,  and 
death  is  a  failure,  and  death  is  the 


worst  thing  that  can  happen  to  peo- 
ple. Well.  1  don't  think  that  death  is 
the  vMirst  thing  that  can  happen  to 
people.  I  do  think  some  of  the  people 
who  have  had  just  horrible  post- 
transplant  courses  have  had  fates 
worse  than  death. 

1.  Miclcs  LA.  Orcdstcin  D.  Tcixt- 
iiuiii  L.  Podesia  L.  Koneru  B. 
Star/1  TE.  Liver  transplantation  in 
cystic  fibrosis.  Lancet  1989:1: 
107.^ 

2.  Scott  K.  Hulter  J.  Stewart  S.  et  ul. 
Hearl-lung  transplantation  for  cys- 
tic fibrosis.  Lancet  1988:2:192- 
194. 

.^.  Tsang  V.  Madden  BP.  Hodsoii 
MH.  Heart-lung  transplantation 
for  cystic  fibrosis.  Pediatr  Pul- 
moMol  1990:S(.'=i.  Siippl):256-2.'i7. 

Chatburn:  Could  you  give  us  your 
opinion  on  the  traditional  CPT  reg- 
imens of  postural  drainage,  clapping, 
and  vibration? 

Orenstein:  Sure.  Again,  I  think  Dr 
Andersen  covered  this  topic  well.  I 
would  disagree  with  one  thing.  I 
think  there  are  reasonable  data  to 
suggest,  and  1  am  referring  mostly  to 
Joe  Reisman's  paper'  a  couple  of 
years  ago  from  Toronto,  that  adher- 
ence to  a  regimen  of  traditional  chest 
PT  (with  percussion  and  postural 
drainage),  is  effective  in  patients 
with  cystic  fibrosis.  Now,  what  part 
of  that  does  it?  I  agree,  I  don't  think 
we  know.  Is  it  actually  the  clapping 
(the  ketchup-bottle  stuff)  that  is  most 
important?  As  Dr  Andersen  pointed 
out  beautifully,  you  can't  get  ketchup 
out  of  a  ketchup  bottle  if  the  bottle  is 
standing  upright.  Maybe  it's  gravity 
that's  most  important.  But.  I  think 
Joe  Reisman's  study  looked  at  a  large 
number  of  patients,  half  of  whom 
were  getting  traditional  chest  phys- 
ical therapy  (percussion  and  postural 
drainage)  and  forced  expiratory  tech- 
nique (PET),  whereas  the  others 
were  only  getting  the  FET.  The  ones 
who  were  getting  the  FET  alone  did 
considerably  worse  over  the  several- 
year  period.  I  was  convinced  by  that 


study.  So.  for  the  time  being,  al- 
though I  don't  know  why  and  I  don't 
know  what  part  of  it  works,  I'm  con- 
vinced that  it  works. 

1.  Rcisman  JJ,  RIvington-Law  B, 
Corey  M.  el  al.  Role  of  conven- 
tional physiotherapy  in  cystic  fi- 
brosis. J  Pediatr  1988:113:632- 
fi36. 

Andersen:  I  must  admit  that  it's  not 
amazing  to  me  that  it  worked  out  that 
way.  What  Reisman  did.  as  far  as  I 
recall,  was  that  he  compared  so- 
called  FET  with  FET  plus  something 
else.  What  I  tried  to  emphasize  yes- 
terday was  that  we  need  techniques 
working  for  the  central  airways,  and 
we  need  techniques  working  for  the 
periphery.  What  he  did  was  that  he 
compared  some  classical  (not  doc- 
umented) techniques  for  clearing  the 
periphery  and  central  areas  with 
techniques  clearing  only  central  ar- 
eas (documented). 

Rau:  1  have  a  question  about  the  use 
of  cromolyn  sodium  and  steroids  by 
inhalation.  I  know  that  good  sup- 
porting evidence  is  lacking  in  the  lit- 
erature. What  is  your  comment  about 
them,  and  should  we  scrap  these  per- 
haps and  just  use  inhaled  amiloride, 
and  is  that  coming? 
Orenstein:  One  of  the  things  that  1 
worry  about  with  all  the  research  is 
that  there  are  a  number  of  very  en- 
couraging and  competing  areas  for 
research  including  amiloride.  For 
those  of  you  who  aren't  familiar  with 
this  literature,  two  papers  on  the  use 
of  inhaled  amiloride  in  cystic  fibro- 
sis— one  by  Mike  Knowles  and  his 
group  from  Chapel  Hill  that  ap- 
peared in  the  New  England  Journal 
of  Medicine  a  few  months  ago,'  and 
one  from  App  et  al  in  Canada  and 
Germany  that  appeared  in  the  Amer- 
ican Review  of  Respiratory  Disease- 
just  a  bit  before  that.  Amiloride  is  a 
diuretic  that  has  been  around  for 
quite  some  time.  It  affects  ion  trans- 
port in  renal  cells,  and  now  it  has 
been  shown  to  do  so  in  various  epi- 
thelial cells,  including  respiratory  ep- 
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ilhelium.  both  in  cell-culture  and  in 
\ivo.  And.  it  at't'ecls  it  in  a  way  that 
partly  reverses  the  transport  ah- 
noniiaiity  in  cystic  fibrosis  cells. 
What  the  two  studies  showed  was 
that  treatment  with  inhaled  amiloride 
seemed  \o  be  better  than  treatment 
with  placebos.  The  study  design  in 
the  Chapel  Hill  paper  began  with  a 
2-week  hospital  admission  with  I.V. 
antibiotics  and  then  0  months  ot  aer- 
osol amiloride  or  placebo,  measuring 
how  quickly  pulmonary  tunction  fell 
olT  over  those  b  months.  Pulmonary 
function  tell  off  less  when  patients 
were  inhaling  amiloride.  There  is  a 
multicenter  amiloride  study  about  to 
get  under  way  that  1  hope  will  an- 
swer the  questions  that  are  raised  by 
the  fact  that  there  were  very  small 
numbers  of  patients  in  those  initial 
studies. 

You  also  hear  about  cromolyn  and 
steroids  as  inhaled  agents  in  CF.  I 
seem  to  remember  a  study  (I  can't  re- 
member where  it  was  published). 
looking  at  cromolyn  in  cystic  fibro- 
sis. It  was  a  negative  study.  It  didn't 
show  any  improvement.  Ed  Pattishall 
has  shown  nicely  in  his  analysis  of 
negative  studies  in  cystic  fibrosis  in 
the  literature  that  virtually  every  one 
of  those  "negative"  studies  suffered 
from  inadequate  numbers  of  subjects 
and  either  inadequate  or  absent  pow- 
er analysis.'  So.  the  fact  that  this  was 
a  negative  study  doesn't  mean  that 
cromolyn  isn't  or  might  not  be  ef- 
fective in  CF.  I'm  quite  certain  that 
there  has  been  nothing  published  on 
inhaled  steroids  in  CF.  although  the 
question  underlying  your  question  is. 
Isn't  airways  inflammation  a  very  im- 
portant part  of  the  process  in  CF?  It 
is  a  very,  very  important  part  of  that 
process.  There  are  several  studies  go- 
ing on  now  with  systemic  anti- 
intlammatory  agents,  one  in  a  na- 
tional steroid  study  and  another 
smaller  multicenter  study  looking  at 
ibuprofen.  So.  I  think  cromolyn 
needs  to  be  studied,  and  I  think  ster- 
oids need  more  study.  There  are  oth- 
er things  that  are  going  to  be  studied 
or  at  least  other  thinus  out  there  that 


are  going  to  he  competing  for  those 
relatively  few  patients  to  enter  into 
studies,  including  things  that  fight 
the  effects  of  mast  cells.  For  ex- 
ample, there's  an  alpha  1 -antitrypsin 
study,  a  DNase  study,  a  study  of  se- 
cretory leukocyte  protease  inhibitor 
(SLPl). 

1.  Knowlcs  MR.  Church  NL.  Walt- 
ncr  WE.  et  al.  A  pilot  study  of  aer- 
osolized amiloride  tor  the  treat- 
ment of  lung  disease  in  cystic 
fibrosis.  N  Engl  J  Med  I  WO; 
322:  HOT- 1194. 

2.  App  EM.  King  M.  Helfesrieder  R. 
et  al.  Acute  and  long-term  amil- 
oride inhalation  in  cystic  fibrosis 
lung  disease.  Am  Rev  Respir  Dis 
1W0;141:6()?-612. 

}.  Pattishall  En.  Negative  clinical 
trials  in  cystic  fibrosis  research. 
Pediatrics  1990:8.'i:277-281. 


Koff:  Can  I  jump  in  with  one  last 
thing'?  I  really  am  glad  to  hear  you 
say  here  at  the  end  of  the  conference, 
mentioning  yet  another  thing  that  we 
may  be  delivering  by  inhalation. 
And.  genes  being  one  of  them,  thank 
you  very  much.  I'd  prefer  to  keep  my 
own.  I  guess  what  strikes  me.  and  I 
think  we  should  thank  the  editorial 
board  of  Ri  sf'iratorv  Care  for  in- 
cluding their  issue — I  think  it  was 
November  (1990) — on  pentamidine 
and  ribavirin.  I  think  that  as  we  go 
through  the  end  of  this  century  and 
start  to  nebulize  a  lot  of  different 
things  that  we  really  need  to  be  con- 
cerned about  what  effect  we're  hav- 
ing on  our  own  personnel.  And.  one 
question  that  sort  of  jumps  out  at  me 
is.  Isn't  that  something  that  we  ought 
to  start  looking  at  as  we  deliver  a 
lot  of  these  different  medications. 

Pierson:  The  worlds  of  pediatric  and 
adult  pulmonology  are  in  many  ways 
separate  ones,  but  you  have  nicely 
pointed  out  that,  with  the  median  sur- 
vival now  in  the  20s,  cystic  fibrosis 
is  one  .setting  in  which  our  worlds 
are  going  to  have  to  intersect.  And 
I'm  interested  to  know  how  you've 
solved  that  problem.  Do  you  let  the 
internist  into  your  CF  clinic'?  Or,  at 


what  age  and  how  do  you  decide 
when  to  surrender  someone  who  has 
spent  oftentimes  his  whole  life  under 
the  care  of  a  pediatrician  but  is  now 
an  emerging  adult  into  the  hands  of 
somebody  else? 

Orenstein:  Well,  we're  very  for- 
tunate in  Pittsburgh.  I  think  we  have 
what  is  very  close  to  an  ideal  situa- 
tion and  one  that  is  not  possible  at 
every  center.  We  have  a  wonderful 
adult  pulmonologist  who  is  very  in- 
terested and  very  knowledgeable  in 
the  care  of  patients  with  cystic  fibro- 
sis. And,  we  have  what  I  think  is  tru- 
ly a  gentle  transition  system  whereby 
the  adult  pulmonologist,  Dr  Joel 
Weinberg,  comes  to  our  clinic  at 
Children's  Hospital.  He  sees  the 
adult  patients.  He  meets  them  at  the 
time  that  they  are  16  or  17.  and 
around  the  time  they  are  18  he  starts 
taking  care  of  them;  but.  he  sees 
them  for  their  outpatient  visits  in  the 
same  setting — the  same  safe,  fa- 
miliar setting  that  they  have  been 
coming  to  for  many  years  where  they 
see  the  same  nurses  and  a  lot  of  the 
same  faces.  He  sees  them  in  clinic 
there.  When  and  if  they  require  hos- 
pitalization, they  are  hospitalized  in 
the  adult  facility.  He  happens  to  be  a 
terrific  guy,  which  is  a  lot  of  what 
makes  it  work,  but  I  think  that  is  a 
very  nice  system.  Before  I  to  moved 
Pittsburgh  7  years  ago.  I  had  always 
continued  to  take  care  of  my  own  pa- 
tients through  their  30s  or  whatever. 
It  was  not  easy  for  me  to  give  up 
those  patients  whom  I  had  grown 
close  to;  and  yet  1  recognized  that 
there  were  many  things  about  their 
health  care  when  they  were  adults 
that  1  was  not  an  expert  in  and 
couldn't  help  them  with,  and  that 
they  could  use  adult  care.  1  really 
like  the  system  at  Pittsburgh;  1  think 
our  patients  like  it.  and  I  think  they 
get  very  good  care.  One  of  the  prob- 
lems is  we've  got  to  be  training  adult 
pulmonologists  with  regard  to  CF 
and  getting  them  excited  about  CF. 
Pierson;  Sounds  like  you  have  done 
a  better  job  of  it  than  some  of  the 
places  1  have  heard  about. 
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Respiratory  Care  of  Infants  and  Children:  Conference  Summary 

Ricliard  I  Martin  MB  BS  and  Robeit  I.  Chatburn  RRT 


This  conference  brought  together  respiratory 
therapists  and  physicians  with  diverse  backgrounds 
but  a  common  interest  in  developmental  pulmo- 
nology  as  it  pertains  to  the  care  of  infants  and 
children  with  respiratory  disease.  Dean  Hess 
introduced  the  conference  by  stressing  the  impor- 
tance of  meaningful  interaction  between  neonatal- 
pediatric  and  adult  respiratory  therapy  practitioners. 
Many  examples  oftheir  overlapping  fields  of  interest 
can  be  cited.  For  example,  physiologic  derange- 
ments and  management  strategies  for  neonatal 
respiratory  distress  syndrome  (RDS)  and  adult  RDS 
(ARDS)  have  much  in  common  despite  their  clearly 
diverse  etiologies.  Another  example  of  the 
transmission  of  knowledge  from  infant  to  adult 
respiratory  care  is  the  evolution  of  continuous 
positive  airway  pressure  (CPAP)  from  neonatal 
practice  to  the  management  of  adult  sleep  apnea. 
Little  is  known  of  how  and  when  childhood 
respiratory  disease  is  transfomied  into  adult  lung 
disease,  and  what  the  role  that  further  adverse 
influences  like  smoking  may  play  in  this  progres- 
sion. At  this  important  time  when  the  perinatal- 
pediatric  subspecialty  examination  for  respiratory 
care  practitioners  is  being  established,  it  must  be 
emphasized  how  much  adult  respiratory  therapists 
can  benefit  from  interacting  with  their  colleagues 
in  the  perinatal  and  pediatric  fields. 

Joe  Rau  gave  a  very  complete  presentation  of 
the  considerations  that  underlie  our  understanding 
of   aerosolized   drug    delivery    in    pediatrics — 
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including  techniques  for  measurement  of  the 
beneficial  effect  in  question,  the  pathophysiologic 
status  of  the  patient,  characteristics  of  the  delivery 
system  employed,  and  properties  of  the  pharma- 
cologic agents  under  study.  A  primary  focus  of  his 
presentation  was  to  emphasize  the  real  paucity  of 
information  regarding  the  technical  aspects  of 
aerosolized  drug  dosing  in  small  patients.  Most  data 
pertaining  to  drug  delivery  via  metered  dose 
inhalers,  via  dry  powder  inhalers,  and  during  assisted 
ventilation  with  an  endotracheal  tube  have  been 
extrapolated  from  healthy  and  diseased  adults.  For 
example,  the  amount  of  aerosolized  drug  delivered 
through  an  endotracheal  tube  depends  on  such 
factors  as  rate  and  depth  of  breathing  and  particle 
size,  and  these  factors  must  be  considered  in 
designing  aerosol  systems  that  will  deliver  adequate 
drug  concentrations  beyond  the  endotracheal  tube 
and  into  the  smaller  airways  and  lung  parenchyma 
of  infants.  The  large  body  of  recent  evidence 
demonstrating  the  beneficial  effect  of  inhaled  beta- 
agonists  on  airway  resistance  in  young  patients  is 
in  marked  contrast  to  earlier  data  that  failed  to 
demonstrate  such  a  benefit,  and  inay  well  be  a 
function  of  the  improvement  in  delivery  systems 
for  the  pediatric  patient  that  is  occurring. 

Jens  Andersen  from  Copenhagen  was  able  to  give 
us  a  uniquely  European  perspective  on  the 
controversial  role  of  chest  physiotherapy  in  the  older 
pediatric  and  adult  population.  He  emphasized  that 
we  must  demonstrate  the  effectiveness  of  techniques 
such  as  percussion  and  voluntary  deep  breathing 
not  only  in  removing  secretions  but  also  in 
influencing  the  natural  course  of  lung  disease.  It 
remains  to  be  determined  whether  physiotherapy 
plays  a  meaningful  role  in  altering  the  distribution 
of  ventilation.  We  also  need  to  further  evaluate  the 
role  of  high  airway  pressures,  either  spontaneous 
(as  in  a  cough)  or  artificially  applied,  in  opening 


RESPIRATORY  CARE  •  JULY  '91  Vol  36  No  7 


757 


CONFERENCE  SUMMARY 


up  collapsed  or  blocked  alveoli.  Dr  Andersen's 
unique  and  simple  approach  to  the  application  of 
positive  expiratory  pressure  (PEP I  may  relieve 
atelectasis  in  pediatric  patients  (eg.  with  cystic 
fibrosis)  v\ho  are  as  young  as  2  years  of  age.  Its 
efficacy  needs  to  be  evaluated  on  both  sides  of  the 
Atlantic. 

The  relative  indications  and  contraindications  of 
rigid  and  flexible  bronchoscopic  techniques  were 
reviewed  by  Chris  Green.  Clearly,  each  technique 
has  its  advantages  and  disadvantages,  and  these  must 
be  carefully  considered  depending  on  the  patho- 
physiologic circumstances  of  the  patient.  What 
clearly  emerged  from  Dr  Green's  presentation  and 
the  ensuing  discussion  was  the  great  skill  that  must 
be  exercised  in  both  calming  the  patient  and 
administering  anesthetic  or  sedative  agents  during 
the  procedure.  Bronchoscopy  for  the  treatment  of 
neonatal  atelectasis  should  probably  be  restricted 
to  selected  patients  and  only  performed  under 
optimal  conditions.  Finally,  the  routine  use  of 
endotracheal  suctioning  appears  diminished  consid- 
erably in  neonatal  practice,  in  part  due  to  broncho- 
scopic evidence  that  vigorous  suctioning  may 
contribute  to  airway  injury. 

In  order  to  understand  the  rationale  for  various 
maneuvers  that  alter  gas  exchange  during  neonatal 
mechanical  ventilation,  Rob  Chalburn  utilized  a 
model  of  the  respiratory  system  based  upon  its 
mechanical  properties.  In  this  formulation,  the  time 
constant  (derived  from  resistance  and  compliance) 
is  key  to  ensuring  adequate  inhalation  and  exhalation 
of  inspired  gas.  Such  a  traditional  model  allows 
classification  of  various  ventilators  in  relation  to 
their  functional  characteristics,  although  limitations 
of  the  model  (such  as  the  presence  of  multiple  time 
constants)  must  be  recognized.  Current  neonatal 
practice  has  largely  abandoned  the  use  of  inverse 
I-E  ratios,  with  renewed  interest  being  focused  on 
more  sophisticated  techniques  of  patient-triggered 
ventilation.  Unfortunately,  insufficient  data  are 
available  to  relate  specific  ventilator  variables  (such 
as  pressure  waveforms)  to  longer-term  outcome  of 
these  infants. 

Many  of  the  basic  principles  of  mechanical 
ventilation  have  been  applied  to  high-frequency 
ventilation  (HFV)  by  Wally  Carlo,  allowing  HFV 
to  become  an  important  educational  tool  in  neonatal 


ventilatory  practice.  Some  examples  of  this  are 
ensuring  an  adequate  humidification  system  during 
HFV  to  prevent  airway  injury  and  ensuring  that 
expiratory  time  does  not  become  too  short  and  result 
in  gas  trapping  during  HFV.  The  observation  that 
gas  exchange  can  be  enhanced  by  HFV  has  been 
followed  by  several  clinical  trials  that  have  failed 
to  demonstrate  a  clear  decrease  in  either  mortality 
or  bronchopulmonary  dysplasia  (BPD)  in  response 
to  HFV.  Controversy  continues  to  surround  the 
optimal  techniques  for  employing  both  high- 
frequency  jet  ventilation  and  high-frequency 
oscillation.  At  this  time  there  is  no  absolute 
indication  for  HFV  in  infants.  Nonetheless,  relative 
indications  may  exist — notably  severe  pulmonary 
interstitial  emphysema  and  profound  respiratory 
failure  during  conventional  ventilation. 

Ron  Goldberg  presented  a  model  for  the 
pathogenesis  of  neonatal  lung  injury  that  suggests 
that  hyperoxia  and  infection  may  precipitate  an 
inflammatory  process  via  influx  of  polymorpho- 
nuclear leukocytes  and/or  macrophages.  Endothelial 
cell  injury  may  play  a  central  role  in  this  process 
and  contribute  to  the  vascular  injury  and  pulmonary 
vasoconstriction  that  occurs  in  BPD.  Lipoxygena.se 
products,  platelet-activating  factor,  and  throm- 
boxane are  just  some  of  the  proposed  mediators 
of  this  inflammatory  response.  Glucocorticosteroids 
may  benefit  BPD  by  modulating  this  series  of 
inflammatory  responses.  Nutritional  deficiency 
appears  to  interact  with  hyperoxia  in  producing  an 
adverse  outcome  in  animal  models  and  probably 
plays  a  key  role  in  the  pathogenesis  of  BPD  and 
the  ability  of  these  infants  to  fight  infection. 
Nutritional  interventions  (such  as  early  parenteral 
fat  administration)  may  be  useful  because  they  may 
protect  the  developing  lung  from  soine  of  the 
injurious  effects  of  hyperoxic  exposure. 

Ann  Stark  reviewed  the  available  epidemiologic 
data  that  demonstrate  apnea  to  be  almost  inv  ariably 
present  in  preterm  infants  of  less  than  30  weeks 
gestation,  but  to  be  more  likely  to  signify  a  specific 
clinical  problem  when  present  in  close-to-term 
babies.  A  diversity  of  afferent  inputs  impinge  upon 
the  central  pattern  generator  for  respiration  situated 
in  the  brain  stem.  Consequently,  apneic  episodes 
may  have  a  multifactorial  etiology  in  the  premature 
infant.   Their   further   classification    into   central. 
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obstructive,  and  mixed  episodes  should  enliaiiee  our 
understanding  of  liie  underlying  |')atln)pli)sii)logic 
niechanisins.  Substantial  data  now  indicate  that 
apnea  of  prematurity,  if  resolved,  is  not  a  risk  factor 
for  subsec-iuent  sudden-infant-death  syndrome 
(SIDS).  It  follows  that  routine  home  monitoring  of 
asymptomatic  preterm  (and  term)  infants  is  not 
indicated.  The  discussion  following  this  presentation 
was  entireU  suppoilive  of  a  very  conservative 
approach  to  pneumograms  and  home  monitoring. 
Although  persistent  apnea  may  occasionally  need 
prolonged  theophylline  therapy,  home  monitoring 
should  only  be  encouraged  as  a  last  resort. 

Since  the  first  successful  outcome  for  neonatal 
extracoiporeal  membrane  oxygenation  (ECMO)  in 
1975.  over  4.()()()  neonates  have  been  treated,  with 
an  approximately  SO'/r  survival.  Pearl  O'Rourke 
acknowledged  that  this  technique  is  now  accepted 
therapy  for  a  select  group  of  mature  neonates  who 
meet  the  rigid  ventilatory  and  blood-gas  criteria  set 
for  these  patients.  Although  ECMO  is  successful 
for  most  subjects,  real  complications  are  possible — 
notably  prolongation  of  mortality,  longer-term 
neurologic  injury,  and  acute  procedural  catastro- 
phies.  Despite  Dr  O'Rourke's  own  valiant  attempts, 
few  randomized  ECMO  trials  employing  conven- 
tional statistical  techniques  have  occurred.  The 
ensuing  discussion  reflected  differences  in  opinion 
as  to  whether  future  clinical  trials  of  neonatal  ECMO 
can  ever  be  accomplished.  Progress  might  include 
the  development  of  heparinized  circuits,  more 
frequent  carotid  artery  reconstruction,  the  u.se  of 
venovenous  ECMO.  and  the  application  of  ECMO 
to  older  children  with  adult  respiratory  distress 
syndrome  (ARDS)  and  in  cardiac  disease  as  a  bridge 
to  transplantation.  There  appears  to  be  an  important 
role  for  respiratory  therapists  in  the  deployment  of 
ECMO  in  neonatal  and  pediatric  patients. 

Alan  Jobe  reviewed  the  current  status  of  neonatal 
surfactant  therapy,  which  has  now  clearly  been 
shown  to  reduce  mortality  from  RDS  by  as  much 
as  50%.  Available  data  indicate  that  surfactant 
administration  can  probably  be  delayed  beyond  the 
delivery  room,  until  there  is  early  evidence  for  the 
development  of  RDS.  The  dominant  clinical 
response  is  an  improvement  in  P^^  secondary  to 
recruitment  of  lung  volume,  while  compliance  and 
Paco-.  m^y  not  simultaneously  improve.  Biochem- 


ical findings  indicate  that  surfactant  is  largely 
recycled  in  the  newborn,  rather  than  being 
cataboli/.ed  as  in  the  adult;  this  recycling  process 
may  contribute  to  the  relatively  sustained  response 
to  only  a  few  doses.  In  the  neonate  with  RDS, 
surfactant  is  not  only  deficient  but  also  relatively 
ineffective,  probably  secondary  to  its  inactivation 
by  proteinaceous  pulmonary  edema  fluid.  Future 
interest  may  well  focus  on  the  reevaluation  of 
aerosolized  surfactant  preparations,  which  appear 
physiologically  effective  in  animal  models.  Interest 
should  also  continue  to  be  directed  towards  the  role 
of  surfactant  therapy  in  other  disease  states  in 
infants.  Finally,  we  need  to  determine  why  surfactant 
is  ineffective  in  a  minority  of  preterm  infants  with 
respiratory  distress. 

Avroy  Fanaroff  reviewed  the  key  considerations 
that  constitute  newborn  follow-up.  Perinatal  and 
environmental  risk  (eg,  socioeconomic  status  and 
maternal  education)  are  confounding  issues  that 
must  be  recognized  in  evaluating  neonatal  outcome. 
Furthermore,  data  from  geographic  regions,  rather 
than  individual  centers,  are  more  meaningful  but 
also  almost  nonexistent.  In  evaluating  neurodevel- 
opmental  handicap  in  NICU  survivors,  a  'functional' 
classification  of  handicap  may  be  more  meaningful 
than  an  absolute  number  derived  from  a  develop- 
mental scale.  Growth  failure  (eg,  decreased  head 
size  after  about  8  months)  and  prolonged  oxygen 
dependence  are  both  predictors  of  greater  handicap. 
Up  to  50%  of  very-low-birthweight  infants  of  <  1.5 
kg  may  be  oxygen  dependent  at  28  days.  Once 
ventilator  dependence  exceeds  90  days,  a  bad 
outcome  is  quite  likely  in  the  low-birthweight 
survivor  of  neonatal  respiratory  di.sease.  Meanwhile, 
follow-up  must  also  focus  on  other  specific  patient 
groups  and  therapies  (such  as  infants  with  persistent 
fetal  circulation,  or  persistent  pulmonary  hyperten- 
sion of  the  newborn)  in  whom  an  adverse  outcome 
is  not  uncommon. 

The  transport  of  high-risk  pediatric  patients  was 
reviewed  by  John  Salyer.  The  pros,  cons,  and 
relative  safety  of  ground  versus  air  transportation 
were  discussed.  Composition  of  the  transport  team 
varies  between  centers,  and  respiratory  care 
practitioners  appear  to  be  team  members  in  about 
50%  of  transport  services.  Qualifications  for 
participation  in  this  activity  need  to  be  enforced, 
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including  prior  PICU  and  NICU  experience  and  the 
ability  to  participate  in  transport  witii  sutticient 
frequency.  Fundamental  equipment  guidelines  are 
essential  for  this  ser\ice.  and  personnel  must  be 
competent  to  continually  reassess  severity  of  the 
patient's  clinical  status.  The  group  was  reminded 
that  inlrahospital  transports  must  he  handled  as 
skilltully  as  those  from  outside  institutions.  Finally, 
the  participation  of  respiratory  therapists  in  transport 
may  be  limited  by  the  number  of  available  personnel, 
and  this  issue  requires  a  firm  commitment  on  the 
part  ol  the  respiratory  care  staff. 

In  reviewing  bronchial  hyperreactivity  in  infants 
and  children.  Tom  Hazinski  addressed  the  role  of 
neural  transmitters  on  airway  smooth  muscle  and 
the  complex  effects  that  may  result  from  release 
of  multiple  neural  agents  at  the  neuromuscular 
junction.  Cold  air  stimulation  and  histamine  inha- 
lation are  both  standard  stimuli  for  assessing 
bronchial  hyperreactivity.  Application  of  positive 
pressure  to  the  chest  and  negative  pressure  to  the 
airway  are  newer  techniques  being  used  to  assess 
flow-volume  curves.  Controversy  has  surrounded 
the  effect  of  maturation  on  development  of  airway 
reactivity,  but  current  data  suggest  that  airway 
hyperreactivity  is  probably  not  a  feature  of  normal 
infants  and  children.  However,  prematurity  and  the 
presence  of  BPD  clearly  predispose  to  bronchial 
hyperreactivity.  Although  increased  airway  smooth- 
muscle  tone  is  generally  considered  harmful,  in 
some  conditions  (eg,  tracheomalacia)  enhanced 
bronchonstrictor  tone  may  be  helpful.  Furthermore, 


there  may  have  been  overemphasis  in  the  past  on 
inducing  bronchodilatation  with  beta-agonists,  when 
steroidal  or  other  anti-intlammatory  agents  may  play 
a  useful  role. 

Finally.  David  Orenstein  concluded  the  proceed- 
ings with  an  overview  of  cystic  fibrosis  (CF).  and 
explained  how  this  old  disease  has  been  affected 
by  major,  new  scientific  discoveries.  Management 
of  this  disease  requires  a  coordinated  approach 
directed  toward  the  patient's  pulmonary,  nutritional, 
and  psychological  needs.  The  respiratory  approach 
must  provide  the  means  to  fight  airway  obstruction, 
while  preventive  and  therapeutic  approaches  must 
be  directed  against  infection.  Prognosis  for  survival 
in  CF  has  continued  to  improve,  and  the  full  impact 
of  the  new  wave  of  scientific  discoveries  has  yet 
to  be  realized.  With  the  identification  and  cloning 
of  the  cystic  fibrosis  gene  in  1989.  much  attention 
is  being  directed  towards  techniques  for  insertion 
of  a  normal  gene  into  these  patients.  Although  this 
event  is  eagerly  awaited,  we  must  not  let  up  on 
the  intensive  traditional  management  regimens  so 
vital  for  the  survival  of  patients  with  CF.  This 
principle  can  probably  be  applied  to  the  whole 
spectrum  of  neonatal  and  pediatric  respiratory 
disease. 

Neonatalogists.  pediatric  pulmonologists.  and 
respiratory  care  practitioners  alike  must  learn  to 
combine  traditional  therapeutic  approaches  with  the 
exciting  techniques  that  are  continually  emerging 
from  new  scientific  discoveries. 
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Massive  Air  Dissection  in  a  Postoperative  Pediatric  Patient 

Patrice  K  Benjamin  RRT,  Noah  D  Perlman  RRT,  and  John  E  Thompson  RRT 


A  4-year-old  girl  with  subglottic  stenosis  was 
transferred  to  the  general  ward  following  the  surgical 
closure  of  a  persistent  tracheocutaneous  fistula.  She 
had  required  tracheostomy  at  age  1  month  after  an 
11-day  course  of  ventilation  for  meconium 
aspiration  pneumonia.  She  had  been  successfully 
dccannulated  at  age  2  years,  but  a  persistent,  well- 
epilhelialized  fistula  remained. 

Upon  arrival  on  the  floor,  after  surgery  for  closure 
of  the  fistula,  the  patient  was  alert  and  oriented. 
Soon  after,  while  in  the  bathroom,  she  had  what 
her  parents  described  as  a  coughing  spell  followed 
by  what  appeared  to  be  upper-airway  obstruction 
and  respiratory  arrest.  At  this  time,  the  nurse  noted 
massive  facial  and  neck  puffiness. 

The  resuscitation  team  was  alerted  and  bag-mask 
ventilation  was  initiated,  but  proved  to  be  difficult 
to  perform.  An  uncuffed  oral  endotracheal  tube 
(ETT)  was  tlien  inserted;  however,  a  large  air  leak 
from  the  dehisced  surgical  wound  ensued  and 
ventilation  remained  ineffective.  (A  cuffed  ETT 
positioned  below  the  tracheal  defect  would  probably 
have  provided  an  adequate  airway;  however,  in  our 
facility  the  smallest  cuffed  ETT  stocked  on  the 
emergency  cart  has  a  5.0-mm  ID,  which  would  have 
been  too  large  for  this  4-year-old  child  with  a  history 
of  subglotfic  stenosis.)  The  ETT  was  quickly 
removed  and  a  2.0-mm  Shiley  tracheostomy  tube 
was  inserted  through  the  surgical  site.  Further  air 
leak  and  dissection  ceased,  and  effective  ventilation 
could  then  be  provided. 

Breath  sounds  were  noted  to  be  bilateral  with 
wheezes.  Subcutaneous  air  was  noted  from  the  mid- 
thigh  to  the  neck  and  face,  throughout  the  abdomen 
and  chest  wall.  Oxygen  saturation  by  pulse  oximeter 


Ms  Benjamin  is  Clinical  Specialist,  Mr  Perlman  is  Assistant 
Technical  Director,  and  Mr  Thompson  is  Technical  Director — 
Respiratory  Care  Department,  The  Children's  Hospital,  Boston, 
Massachusetts. 


Fig.  1 .  Portable  chest  radiograph  of  a  4-year-old  girl  being 
mechanically  ventilated  via  tracheostomy  tube  following 
respiratory  arrest  that  occurred  subsequent  to  surgical 
closure  of  a  persistent  tracheocutaneous  fistula. 

(SpOz)  was  initially  100%,  but  slowly  began  to  drop. 
A  portable  chest  radiograph  was  taken  (Fig.  1),  and 
the  patient  was  transferted  to  the  ICU.  The  patient's 
heart  rate  and  blood  pressure  remained  stable 
throughout  the  incident.  When  the  child  arrived  in 
the  ICU,  breath  sounds  could  no  longer  be 
auscultated,  and  Sp02  had  dropped  to  the  low  80s 
in  spite  of  manual  ventilation  with  100%  oxygen. 

Questions 

Radiographic   Findings:    What  does   the   chest 
radiograph  in  Figure  1  reveal? 
Etiology-Precipitating  Factors:  What  might  be  the 
cause  of  the  findings  in  the  radiograph? 
Treatment:  What  treauncnt  is  indicated? 

Answers  and  Discussion 
on  Next  Page 
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Answers 

Radiographic  Findings:  The  chest  radiograph 
shows  bilateral  pncumothoraccs  with  subcutaneous, 
interstitial,  and  intramuscular  air  present  in  the  chest 
wall,  neck,  and  face.  A  pneumomediastinum  is  also 
evident. 

Etiology-Precipitating  Factors:  The  cutaneous 
fistula  had  been  repaired  by  a  muscle-band  and  skin- 
flap  closure,  in  the  operating  room.  The  tracheal 
hole  was  not  disturbed.  Postoperatively,  increased 
intrathoracic  pressures  generated  by  either  a 
Valsalva  maneuver  or  coughing  caused  air  to  leak 
through  the  tracheal  hole  (which  no  longer  vented 
through  the  skin)  into  the  tissues  of  the  neck  and 
face.  Continued  coughing  (and  subsequent  bag- 
mask  ventilation)  allowed  further  dissection  of  air 
through  the  fascial  plane  into  the  mediastinum  and 
pleura. 

Treatment:  Bilateral  chest  tubes  were  inserted,  and 
SpOj  subsequently  increased  to  the  90s.  Throughout 
this  procedure,  the  patient  was  manually  ventilated 
with  100%  oxygen.  Within  minutes  of  chest-tube 
insertion,  the  patient  began  to  make  weak  respiratory 
efforts  and  only  required  assistance  with  an 
anesthesia  bag  for  approximately  20  minutes.  She 
was  then  switched  to  40%-oxygen  trach  collar. 

A  follow-up  chest  radiograph  taken  within  30 
minutes  of  the  chest-tube  insertion  (Fig.  2)  revealed 
complete  resolution  of  the  pneumothoraces.  On 
exam  the  next  morning,  the  subcutaneous  air  was 
dramatically  decreased.  The  patient  remained  in  the 
ICU  one  more  day.  The  chest  tubes  were  then 
removed,  and  she  was  transferred  to  the  general 
ward  on  a  room-air  trach  collar.  On  Postoperative- 
Day  (POD)  5,  she  returned  to  the  operating  room. 
A  bronchoscopy  showed  10%  subglottic  narrowing 
(clinically  unimportant  in  this  patient)  and  an 
otherwise  normal  anatomy.  The  patient  was 
decannulated,  and  a  pressure  dressing  was  placed 
on  the  stoma.  No  further  surgical  revision  was 
performed.  On  POD  9,  the  patient's  tracheostomy 
site  was  noted  to  have  healed  over,  with  no 
detectable  fistula.  A  small  amount  of  residual 
subcutaneous  air  remained  in  her  anterior  chest  wall. 
She  was  then  discharged  to  her  home.  Six  weeks 
later  she  was  seen  in  the  otolaryngology  clinic.  By 
this  time,  complete  closure  of  the  tracheostomy  site 


had  occurred,  and  the  child  was  not  experiencing 
symptoms  of  airway  obstruction. 


Fig.  2.  Portable  chest  radiograph  of  a  4-year-old  girl  within 
30  minutes  of  bilateral  chest-tube  insertion  to  treat 
pneumothorax. 


Discussion 

This  presentation  is  unusual  in  that  the  pathway 
of  air  dissection  is  not  the  more  familiar  route  of 
intra-alveolar  rupture  usually  seen  in  air  leak.  In 
his  classic  1939  paper,'  Macklin  described  the 
phenomenon  of  air  dissection  following  alveolar 
rupture.  In  a  series  of  experiments  on  cats,  he 
demonstrated  the  tracking  of  air  along  the  vascular 
sheaths  of  the  pulmonary  vessels  and  its  eventual 
convergence  at  the  hilum  and  escape  into  the 
mediastinum,  peritoneum,  and  soft  tissues  of  the 
head,  neck,  thorax,  and  legs.  Our  patient  appears 
to  have  experienced  a  reversal  of  this  progression, 
with  air  leak  starting  in  the  soft  tissue  of  llic  neck 
(as  subcutaneous  and  interstitial  air)  and  culminating 
in  pneumothoraces. 

The  symmetry  of  the  collapse,  the  lack  of  tracheal 
or  mediastinal  shift,  the  normal  curvature  of  the 
diaphragms,  and  the  patient's  relative  cardiovascular 
stability  throughout  the  event  suggests  that  these 
were  not  tension  pneumothoraces. ^  However,  the 
size  of  the  pncumothoraccs  and  llic  degree  of  patient 
compromise  called  for  aggressive  treatment  (that 
is,  insertion  of  bilateral  chest  tubes). 
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Interstitial  air  is  an  ominous  sign  of  air  leak,  but 
in  itself  is  not  life-threatening.  Our  review  of  the 
literature  on  air-leak  phenomena  revealed  no 
specific  treatment  for  interstitial  air.  However,  when 
mediastinal  air  causes  severe  cardiopulmonary 
compromise,  decompression  may  be  achieved 
through  incision  of  the  tissues  above  the  suprasternal 
notch. ^  This  was  not  necessary  in  our  patient. 
Oxygen  is  unlikely  to  hasten  the  resolution  of 
interstitial  air  unless  the  air  leak  is  ongoing.  In  our 
patient,  dissection  of  air  into  the  tissues  ceased  when 
the  tracheostomy  tube  was  inserted. 

In  our  patient,  the  air  leak  and  dissection  that 
precipitated  the  respiratory  arrest  is  thought  to  have 
been  caused  by  cough  or  the  Valsalva  maneuver 
and  to  have  been  further  exacerbated  by  the  positive- 
pressure  ventilation  provided  prior  to  insertion  of 
the  tracheostomy  tube.  Immediately  following 
tracheostomy  tube  insertion,  breath  sounds  were 
noted  to  be  bilateral  with  wheezes,  suggesting  that 
pneumothorax  was  not  the  initial  sight  of  air  leak. 

There  are  isolated  reports  of  free  intra-abdominal 
air,  subcutaneous  air,  and  pneumothorax  in  the 
presence  of  tracheal  injury  without  positive -pressure 
ventilation.  In  one  case,"*  a  21 -year-old  person 
suffered  a  suprajugular  gunshot  injury  resulting  in 
a  tracheal  wall  defect.  A  chest  radiograph  revealed 
bilateral  pneumothoraces,  pneumomediastinum, 
pneumoretroperitoneum,  pneumoperitoneum,  and 
marked  subcutaneous  emphysema  of  the  chest  and 
abdominal  wall.  In  another  case,^  a  28-year-old 
person  suffered  blunt  chest  trauma  in  an  auto 
accident.  Subcutaneous  emphysema,  pneumomedi- 
astinum, and  pneumoperitoneum  were  seen  on  chest 
radiograph.  Bronchoscopy  revealed  a  tear  in  the 
membranous  trachea.  In  this  case,  the  clinicians 
noted  that  although  pneumoperitoneum  is  rarely 
secondary  to  extra-abdominal  injury  it  can  be  a 
presenting  sign  of  tracheal  disruption. 

The  incidence  of  tracheocutaneous  fistula  in 
decannulated  children  has  been  reported  to  be 
anywhere  from  3.3%  to  29%.^  These  fistulas  are 
caused  by  growth  of  thick  epithelium  along  the 
tracheostomy  tract.  Three  methods  of  surgical  repair 
are  recommended:^  (1)  primary  closure  of  the  site, 
(2)  excision  of  the  fistulous  tissue  followed  by 
primary  closure,  and  (3)  excision  of  fistulous  tissue 
with  a  brief  period  of  recannulation.  In  Method  1, 


a  simple  muscle  Hap  and  skin  closure  is  performed. 
In  Method  2  the  fistulous  tract  is  excised  down 
to  the  trachea,  the  tracheal  defect  is  repaired,  and 
muscle  and  skin-fiap  closure  is  performed.  In 
Method  3,  the  fistulous  tract  is  excised  down  to 
the  trachea  followed  by  a  brief  period  of  recan- 
nulation to  effect  healing  by  secondary  intention 
(that  is,  by  granulation  that  forms  from  the  base 
and  sides  toward  the  surface  of  the  wound). 

In  one  study  of  15  children  with  tracheocutaneous 
fistulas,  surgical  repair  was  performed  using  Method 
1  in  two  children.  Method  2  in  four,  and  Method 
3  in  nine.  The  only  complication  associated  with 
Method  1  was  wound  infection  in  one  patient. 
Complications  associated  with  Method  2  included 
persistent  stridor;  respiratory  distress;  and  in  one 
patient  subcutaneous  air,  pneumomediastinum,  and 
pneumothorax  requiring  immediate  recannulation. 
This  patient's  air  dissection  followed  a  paroxysmal 
coughing  spell  in  the  operating  room.  No  compli- 
cations were  associated  with  Method  3. 

Initially  in  our  patient.  Method  1  was  used;  it  was 
believed  that  surgical  repair  of  the  tracheal  defect 
was  contraindicated  because  closure  might  result  in 
increased  tracheal  stenosis.  However,  because  of  the 
development  of  air  leak  and  dissection  and  respiratory 
arrest,  recannulation  became  necessary,  and  the 
tracheocutaneous  fistula  ultimately  healed  by  sec- 
ondary intention. 

Our  case  demonstrates  an  unusual  variant  of  the 
fiienomenon  of  air  leak.  It  is  important  to  note  that 
just  as  air  may  escape  the  lung  through  alveolar  rupture 
and  track  along  vascular  sheaths  to  cause  pneumo- 
thorax, pneumomediastinum,  and  subcutaneous 
emphysema,  so  may  it  track  in  the  opposite  direction 
if  provided  the  opportunity.  This  case  reinforces  an 
important  fact  for  clinicians:  Massive  air  leak  and 
air  dissection  may  occur  in  the  absence  of  mechanical 
ventilation,  and  the  source  need  not  always  be  alveolar 
rupmre.  Whenever  surgery  is  performed  on  the 
pediatric  airway,  the  clinical  staff  must  anticipate 
potential  complications  and  be  prepared  to  provide 
appropriate  emergency  intervention. 
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CORRECTIONS 


In  Table  2  of  "Enhanced  Capabilities  of  Current  ICU  Ventilators: 
Do  They  Really  Benefit  Patients?"  Respir  Care  1991;36:362- 
376,  the  values  for  \i  and  peak  spontaneous  Vi  are  shifted  too  far 
to  the  left.  A  correct  version  of  the  table  is 

Table  2.  Comparative  Ranges  of  Operation  for  Two  Current 
Ventilators  and  Their  Non-Microprocessor  Pre- 
decessors* 


Ventilators 

Puritan-Bennett 

Bear  Medical 

Variables 

MA-1 

7200 

Bear  1 

Bear  5 

VT(mL) 

100-2200 

100-2500 

100-2000 

50-2000 

VjlL/min) 

5-100 

10-120 

10-120 

5-150 

f  (breath/min) 

6-60 

0.5-70 

0.5-60 

0.5-150 

PlP(cmH;0) 

80 

120 

100 

150 

PEEP(cmH:0) 

15 

35 

30 

50 

Peak  spontaneous 

MlL/min) 

100             180 
sd  from  inanulaclurcrs' 

100 
literature. 

150 

*  All  data  obtain 

In  Figure  13  of  "How  Should  Bronchodilators  Be  Administered 
to  Patients  on  Ventilators?"  Respir  Care  1991;36:377-394,  the 
photograph  is  upside  down. 


In  Figure  2  of  Test  Your  Radiologic  Skill:  "Can  the  Pressure 
Tracings  Be  Trusted?"  Respir  Care  1991;36:435-437.  the  chest 
radiograph  appears  in  a  reversed  position  imder  the  arrow  and 
dotted  line.  Correct  placement  of  the  radiograph  is 


We  regret  these  errors 

and  apologize 

to  both  authors  and  readers 

for  this  inconvenience. 
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testing  preferred  Two  years  of  supen/isory  ex- 
perience and  five  years  of  experience  in 
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ments, to:  Ms.  Rhonda  Jordan,  Sr.  Employ- 
ment Rep.,  CHILDREN'S  HOSPITAL  OF 
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Phila.,  PA  19104.  EOE 
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Uni-Vent  is  a  full  spectrum  critical 
care/trauma/transport  ventilator.  Its 
"smart"  interactive  design  safely  protects, 
monitors  and  provides  your  patient  with  a 
wide  range  of  ventilatory  care  features. 

Uni-Vent^"^  includes  multiple  operating 
modes,  alarms  and  displays  and  weighs 
just  9-lbs!  Its  Assist-Control  and  SIMV 
modes,  and  optional  electronic  demand 
valve  -  are  all  PEEP  compensated  to 
reduce  your  patients'  work-of-breathing. 
Gas-  conserving  electronics  provide  con- 
sistency, dependability  and  insure  the 
maximum  benefit  from  available  portable 
gas  sources  -  a  must  for  transport  applica- 
tions! 

Uni-Vent^'^:  for  your  emergency, 
recovery,  critical  care  and  transport 
needs! 
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from  an  unfulfilling  career  to  the 
rewarding  profession  of  respiratory  care. 

Transitions  from  one  career  to  respirotory  care  is  the  message  you  will  deliver  with  this  8-page  booklet.  Its  full-color  pictures  illustrate 
the  compassion,  challenge,  and  rewards  of  a  career  in  respiratory  core. 

Eoch  porograph  focuses  on  the  practice  of  respiratory  care,  the  practitioner's  many  sl<ills.  patients.  worl<ing  conditions,  job 
prospects,  qualifications,  and  training.  It's  a  booklet  that  will  fill  your  classrooms  with  those  wanting  a  change  to  a  more  rewording 
iob 
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are  being  made  rigtit  now  on  careers 
for  tomorrow. 


This  dynamic  8-page  booklet  is  designed  especially  to  help  young  adults  make  respiratory  care  their  career  decision.  Its  bold 
graphics  and  color  photos  depict  the  challenges  and  rewards  of  respiratory  care. 

Each  page  presents  information  on  the  practice  of  respiratory  care,  the  skills  used,  patients,  working  conditions,  job  prospects, 
qualifications,  and  training.  This  exciting  booklet  will  fill  your  classrooms  with  eager  young  adults  on  their  way  to  a  challenging  career  | 
in  respiratory  care, 
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I'm  Your  Respiratory  Care  Practitioner." 


It's  a  greeting  that  says  what  this  brochure  does  best:  introduces  you  and  respiratory  core.  This  6-page  brochure  not  only  introduces 
you.  but  describes  what  you  do  -  from  diagnosis,  to  treatment,  to  education,  and  to  training.  It's  packed  with  information  that  you 
can  provide  a  patient  or  use  to  recruit  students  to  your  program.  Geared  for  any  age.  this  brochure  complements  the  "Jransitions" 
and  "Dec/slons"  booklets, 
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The  third  annual  edition  of  CRCE  through  the  Journal-a  way  for 
members  to  gain  continuing  education  credit  (CRCE)  by  careful 
reading,  thoughtful  study,  and  test  completion-appears  in  the  fol- 
lowing pages. 

The  50-item  test  is  based  on  papers  published  in  Rk.spirmory 
Cakk  from  July  1990  through  June  1991.  The  issue  and  page  num- 
bers of  the  paper  on  which  a  question  is  based  are  shown  in  brack- 
ets following  the  question.  You  are  free  to  consult  the  cited  paper 
as  you  complete  the  answer  sheet;  however,  best  retention  of  in- 
formation will  probably  occur  if  you  read  the  paper  in  its  entirety 
and  then  answer  the  questions. 
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3. 
4. 
5. 


Enter  your  name  and  AARC  membership  num- 
ber on  the  answer  sheet  provided  with  this  issue 
of  the  Journal. 

Only  original  Answer  Sheets  will  be  graded. 
No  facsimiles  or  photocopies  will  be  accepted. 
35  or  more  correct  answers  provide  6  hours  of 
CRCE  credit. 

Use  ONLY  a  #2  soft-lead  pencil. 

Mark  only  ONE  answer  for  each  question. 

MAKE  DARK  MARKS. 


6.  If   vou    must    chanse    your   answer,    ERASE 
COMPLETELY. 

7.  Correct  answers  will  be  printed  in  the  October 
1991  issue  of  Respiratory  Care.  No  scores  will 
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Transcripts  are  released  in  early  1992. 

8.  Fold  Answer  Sheet  on  the  lines  indicated. 
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1 1 .  Failure  to  follow  instructions  may  cause  tech- 
nical problems  that  will  disqualify  you. 
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are  hcensed  depends  solely  on  the  specifications  of  that  stale's  licensure  law. 


RESPIRATORY  CARE  •  JULY  "91  Vol  36  No  7 


767 


CRCE  through  the  Journal 


Choose  the  single,  most  correct  answer. 

The  issue  and  pajje  number  of  the  paper  to  which  the  question  applies 
are  given  in  brackets  [     ]  following  the  question. 


Which  of  the  I'ollowing  is  most  correct? 

a    A  closed-circuit  calorimeter  is  ideally  suited 

for  the    patient  on  assist-control  or  control 

ventilation  at  an  Fio:  <  0.60. 

b.  Indirect  calorimetry  is  the  calculation  of  heat 
production  through  the  measurement  of  pul- 
monary gas  exchange. 

c.  If  FRC  falls  during  indirect  calorimetry.  Vo: 
will  be  overestimated. 

d.  Open-circuit    calorimeters    use    the    vol- 
umetric-loss or  replenishment  techniques. 

e.  b  and  c  only 


[July  90:640-659] 


4.    Which  of  the  following  is  most  correct? 

a.  Devices  placed  around  the  torso  to  monitor 
respiratory  movements  include  mercury-in- 
silastic  strain  gauges,  doppler  flow  de- 
tectors, and  magnetometers. 

b.  Feeble  respiratory  efforts  during  obstructive 
events    may    be    misinterpreted    as    central 
events  if  torso  monitors  of  respiration  alone 
are  relied  upon. 

c.  The  impedance  pneumograph  can  reliably 
distinguish  the  chest  motion  that  occurs  dur- 
ing an  obstructive  event  from  an  actual 
event. 

d.  a  and  b  only 

e.  b  and  c  only 


Which  of  the  following  is  most  correct? 

a.  FRC  is  believed  to  be  the  most  'natural'  and 

reproducible  lung  volume. 

b.  The  radiographic  approach  is  well  suited  for 
monitoring  lung  volumes  in  mechanically 
ventilated  patients. 

c.  In  open-circuit  techniques  used  to  measure 
FRC,  the  indicator  gas  may  be  helium,  nitro- 
gen, carbon  monoxide,  or  sulfur  hexa- 
fluoride. 

d.  all  of  the  above 

e.  a  and  c  only 


[July  90:697-708] 


Which  of  the  following  is  most  correct? 

a.  The  Korotkoff  method  of  blood-pressure  de- 
temiination  uses  Riva-Rocci  sounds. 

b.  The  upper  bladder  of  the  oscillotonometer  is 
the  occluding  bladder. 

c.  Noninvasive  methods  to  determine  cardiac 
output  include  the  dilution  method  and  the 
CO:  rebreathing  method. 

d.  all  of  the  above 


e.  a  and  b  only 


[July  90:709-718] 


[July  90:660-668] 


Which  of  the  following  is  most  correct? 

a.  During  machine-assisted  ventilation,  muscle 
contraction  continues  throughout  most  of  in- 
spiration when  the  patient  is  dyspneic. 

b.  Paralysis  often  increases  the  functional  com- 
pliance of  the  chest  wall. 

c.  A  large  hydrothorax  accentuates  the  vertical 
gradient  of  pleural  pressure. 

d.  all  of  the  above 

e.  a  and  b  only 


6.    Which  of  the  following  is  most  correct? 

a.  Systems  that  allow  a  designated  group  of 
physicians    to    control    utilization    of    res- 
piratory care  services  have  been  shown  to 
reduce  inappropriate  or  unnecessary  therapy. 

b.  Operating  costs  of  a  noninvasive  monitor 
can  be  attributed  to  reductions  in  labor  in- 
tensity, conservation  of  other  resources,  and 
improved  quality. 

c.  It  has  been  shown  that  l4-.i0';  of  \CV  ad- 
missions are  to  provide  increased  mon- 
itoring, not  to  provide  active  treatment. 

d.  all  of  the  above 

e.  a  and  c  onlv 


[July  90:669-696] 


[July  90:728-7391 
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7.  In  the  stiid\  by  Gray.  Maclntyie.  and  Kro- 
nenheieer.  suclioninc  wilh  nomial-saline  insti- 
llation (NSl) 

a.  resulted  in  greater  patient  discomtort  than 
suctioning  \\  itliout  NSI. 

b.  appeared  \o  enhance  secretion  removal  pri- 
marily through  cough  stimulation. 

c.  resulted  in  brad\cardia  in  the  maJorit\  of  pa- 
tients. 

d.  all  of  the  above 

e.  a  and  b  onl\ 

I.August  W:7S5-79()| 

8.  In  the  study  by  Kollef  and  Johnson. 

a.  the  effect  of  nasal  gas  flow  on  dyspnea  in 
critically  ill  adults  was  evaluated. 

b.  a  significant  increase  in  dyspnea  was  ob- 
served after  induction  of  nasal  anesthesia. 

c.  the  reduction  in  dyspnea  during  tracheal  gas 
flow  appeared  to  be  a  placebo  phenomenon 
caused  by  the  wearing  of  the  transtracheal 
catheter. 

d.  the  perception  of  dyspnea  was  significantl_\ 
intluenced  by  tracheal  gas  flow. 

e.  c  and  d  only 

I  August  90:791-799] 

9.  In  the  study  by  Hess  and  Spahr. 

a.  little  variation  was  observed  between  vol- 
umes delivered  by  various  brands  of  re- 
suscitators. 

b.  ill-fitted  gloves  were  observed  to  affect  re- 
suscitator  volume  delivery. 

c.  a  significant  increase  in  delivered  volume 
occurred  as  hand  size  increased  but  not 
when  two  hands  were  u.sed  (instead  of  one) 
to  squeeze  the  bag. 

d.  the  importance  of  using  two  hands  during 
bag-valve  ventilation  was  re-emphasized. 

e.  a  and  d  only 

[August  90:800-805] 

10.  Which  of  the  following  is  most  correct? 

a.  The  Pendelluft  is  a  Gemian  piston  oscillator 
that  has  been  used  in  HFOV  studies. 

b.  HFOV  in  particular  has  been  associated  with 
necrotizing  tracheobronchitis. 

c.  Hummingbirds  synchronize  wing-beat  with 
respiration  and  probably  facilitate  diffusion 
in  a  manner  similar  to  HFOV. 

d.  During  HFFI.  an  active  negative  'pull'  stroke 
aids  expiration. 

e.  all  of  the  above 

[August  90:815-830] 


In  their  study  of  mechanically  ventilated  pa- 
tients in  a  children's  hospital  ICU.  Benjamin  et 
al  found 

a.  ventilator  failures  occurred  more  frequently 
than  did  alann  failures  or  circuit  problems. 

b.  a  statistically  significant  increased  incidence 
of  pre-necrosis  occun^ed  in  nasally  intubated 
patients  compared  to  orally  intubated  pa- 
tients. 

c.  no  association  between  mortality  and  ven- 
tilator complications. 

d.  all  of  the  above 

e.  b  and  c  only 


[September  90:873-878] 


12.  According  to  a  survey  conducted  by  Salyer  and 
Chatbum,  de  facto  standards  in  perinatal- 
pediatric  respiratory  care  include 

a.  continuous  measurement  of  Fio;  in  oxygen 
hoods. 

b.  routine  use  of  auxiliary  continuous  airway- 
pressure  monitors  with  time-cycled  pres- 
sure-limited neonatal  ventilators. 

c.  q4-hour  measurement  of  ventilator  Fio:. 

d.  all  of  the  above 

e.  a  and  b  only 


[September  90:879-888] 


13.  In  Tiffen  et  al's  study  of  a  single-lumen  in- 
sufflating suction  catheter,  positive  and  neg- 
ative pressures  generated  within  the  test  lung 
increased  as 

a.  the  ratio  of  suction-catheter  outer  diameter 
to  ET-tube  inner  diameter  (SC:ETT)  in- 
creased. 

b.  the  suction  catheter  outer  diameter  increased 
and  the  SC:ETT  and  insufflating  flow  re- 
mained constant. 

c.  insufflating  flow  decreased  and  SC:ETT  re- 
mained constant. 

d.  all  of  the  above 

e.  a  and  c  only 

[September  90:889-897] 
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14.  Wliicli  nfthe  lollowing  is  most  conccl? 

a.  During  MVV  ventilation,  ventilators  use  al- 
gorithms to  adjust  either  ventilatory  fre- 
quencN.  tidal  \okinie  (level  of  PSV).  or  in- 
spirators tlins. 

b.  It'  MVV  ventilation  is  used  to  wean  a  patient 
from  mechanical  \entilation.  it  may  be  nec- 
essary to  set  the  target  Vi;  at  a  level  that  v\  ill 
result  in  mild  hypovenlilalion. 

c.  During  MVV  ventilation,  adjustments  in  the 
level  of  ventilatory  support  delivered  to  the 
patient  are  automatically  made  without  cli- 
nician intervention. 

d.  a  and  c  only 

e.  b  and  c  only 


[September  90:898-905] 


15.  In  the  evaluation  ot  the  MAX  Transport  ven- 
tilator, which  of  the  following  observations  was 
(were)  made? 

a.  Measured  Vj  at  a  set  Vj  increased  as  test- 
lung  compliance  was  reduced. 

b.  Measured  Vt  at  a  set  Vj  decreased  as  test- 
lung  compliance  was  reduced. 

c.  Measured  V j  at  a  set  Vt  of  1 .0  niL  was  de- 
creased as  frequency  was  increased. 

d.  Both  a  and  c  are  correct. 

e.  Both  b  and  c  are  correct. 


[October  1990:952-959] 


17.  According  to  the  review  by  Vakharia  and  Hall, 
early  signs  indicative  of  malignant  hyper- 
thermia include  (///  hut 

a.  A  rise  in  P^-tco: 

b.  increased  blood  pressure 

c.  Muscle  rigidity 

d.  Overt  seizure  activity 

e.  Both  c  and  d 

[October  1990:978-986] 


18.  According  to  the  review  by  Vakharia  and  Hall 
which  of  the  following  is  (are)  true? 

a.  Susceptibility    to   malignant    hyperthermia 
(MH)     is  genetically  transmitted  but  prior 
identification  is  impossible 

b.  Intravenous    dantrolene    should    be    ad- 
ministered within  minutes  of  a  diagnosis  of 
probable  MH. 

c.  MH   victims   require  hyperventilation   and 
high  oxygen  concentrations. 

d.  All  of  the  above 

e.  b  and  c  only 

[October  1990:978-986] 


19.  Time  weighted  average  (TWA) 

a.  is  a  way  of  estimating  a  subject's  exposure 
to  a  given  substance  during  a  workday. 

b.  is  equivalent  to  the  No  Observed  Exposure 
Level  (NOEL). 

c.  is  always  2.7  |ig/m\ 

d.  all  of  the  above 

e.  a  and  c  only 


I  November  1990: 1042-1  ()4S| 


16.  Which  of  the  following  statements  is  (are)  true? 

a.  The  four  mycoses  endemic  to  specific  geo- 
graphic areas  of  the  U.S.  are  histoplasmosis, 
blastomycosis,  coccidiodomycosis.  and  can- 
didiasis. 

b.  The  systemic  antifungal  drugs  available  in 
1990-1991  are  Amphotericin  B.  tluocylo- 
sine.  ketocona/ole.  and  ciprofloxacin. 

c.  The  drugs  recommended  for  systemic  my- 
cotic infections  are  very  safe  and  produce 
few  side  effects. 

d.  Amphotericin  B  is  the  drug  ot  choice  for  as- 
pergillosis, mucormycosis,  sporotrichosis, 
and  histoplasmosis. 

e.  Both  a  and  d 


20.  Which  of  the  following  is  incorrect? 
The  environmental  level  of  ribavirin 

a.  has  been  reported  to  be  highest  when  the 
drug  is  administered  by  simple  oxygen  tent 
alone. 

b.  can  be  maintained  at  an  acceptable  level 
when  administered  via  mechanical  ventilator 
equipped  with  appropriate  filters. 

c.  has  been  deemed  acceptable  when  a  care- 
giver's time-weighted  average  can  be  show  n 
to  be  <  2.7  \xzlm\ 

d.  is  inversely  proportional  to  the  patient's  ser- 
um level 

e.  both  c  and  d 


[October  1990:987-989] 


[November  1990:1042-1048] 
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21.  With  pressure  support  ventilation,  factors  that 
could  increase  the  patient's  work  of  hreathini: 
include 

a.  ventilator  insensiti\  ity 

b.  inadequate  inspiratory  flow 

c.  absence  of  auto-PEEP 

d.  all  of  the  above 

e.  a  and  b  only 


[November  1990:1 049- lO.S.Sj 


12.  When  ventilator  flow  matches  patient  demand 

a.  the   inspiratory   cycle   is   prematurely   ter- 
minatecl. 

b.  patient-ventilator  dyssynchrony  is  likely. 

c.  work  of  breathing  is  reduced. 

d.  peak  inspiratory  pressure  is  increased. 

e.  both  c  and  d 


[  November  1 990: 1 056- 1 064 1 


23.  In  a  group  of  patients  randomly  selected  to  re- 
ceive low-flow  oxygen  either  dry  or  humid- 
ified by  a  bubble  humidifier. 

a.  epistaxis  was  a  frequent  complication  in  pa- 
tient's receiving  dry  oxygen. 

b.  significant  differences  in  complications  were 
seen  between  the  two  subgroups. 

c.  all  patients  were  examined  daily  and  asked 
standard  questions  about  the  presence  of  dry 
nose,  dry  throat,  headache,  chest  discomfort, 
and  change  in  sputum  production. 

d.  results  suggested  that  possible  complications 
offset  potential  savings. 

e.  b  and  d  only 

[RespirCare  1980:23: 1  143-1 144.  Reprinted  in 
December  1990:1265-1266] 

24.  In  the  study  by  Blanchette  et  al. 

a.  no  difference  in  the  PtcOrPaO:  relationship 
was  identified  based  on  gestational  age, 
postnatal  age.  or  pH. 

b.  sensitivity  referred  to  the  ability  of  pulse 
oximetry  (SpO;  within  specified  limits)  to  de- 
tect hypoxemia  or  hyperoxemia. 

c.  hyperoxic  episodes  were  limited  to  near  3% 
and  hypoxemic  episodes  to  49(  when  SpO: 
was  maintained  between  92%  and  96%. 

d.  all  of  the  above 


e.  b  and  c  only 


(January  91:25-321 


25.  In  the  study  by  Godwin  et  al,  sputum  induction 
by  ultrasonic  nebuli/ation  to  diagnose  Pncu- 
Diocyslis  cdrliili  pneumonia 

a.  proved  to  have  a  sensitivity  of  83'/^  in  HIV- 
positive  patients. 

b.  induced  bronchospasm  in  10%  of  the  pa- 
tients. 

c.  proved  to  have  a  specificity  of  69%  in  HIV- 
negative  patients. 

d.  all  of  the  above 

e.  a  and  c  only 

[January  91:33-39] 

26.  Which  of  the  following  is  most  correct'? 

a.  The  index  of  patient  effort  used  by  Nish- 
imura  is  the  product  of  inspiratory  pressure 
and  rate. 

b.  The  end-expiratory-plateau  technique  for- 
measuring  auto-PEEP  is  accurate  only  if  the 
ventilatory  muscles  are  relaxed  during  ex- 
piration. 

c.  Flow-triggering  mechanisms  appear  to  im- 
pose more  work  of  breathing  than  do  pres- 
sure-triggering mechanisms. 

d.  all  of  the  above 

e.  a  and  b  only 

(January  9 1:45-5 1 1 

27.  The  inhalation  technique,  described  by  Jo- 
hannigman  and  Branson, 

a.  is  used  with  an  oxygen  enrichment  device 
(OED)  during  mouth-to-mouth  resuscitation. 

b.  when  used  in  combination  with  the  OED, 
provided  an  increase  in  Fdo:  compared  to 
standard  techniques  of  mouth-to-mask  re- 
suscitation. 

c.  when  used  in  combination  with  the  OED,  re- 
sulted   in    augmentation    of   tidal    volumes 
compared  to  standard  techniques  of  mouth- 
to-mask  resuscitation, 
all  of  the  above 
a  and  b  only 

(February  91:99-103] 

28.  Which  of  the  following  is  most  conect? 

a.  Under  clinical  conditions,  disinfectants  be- 
come inadvertently  diluted  during  reuse. 

b.  Gluteraldehyde  vapors  may  cause  allergic  or 
even  toxic  reactions. 

c.  Semicritical  equipment  should  be  dis- 
infected of  virtually  all  non-spore-forming 
pathogens  including  mycobacteria. 

d.  all  of  the  above 

e.  a  and  c  only 

[February  91: 104- 109 ( 


d. 
e. 
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29.  In    their    study    of    10    manual    lesuscitators, 
Barnes  and  Stockwcll  found  that 

a.  patient-valve  backward  leakage  did  not  oc- 
cur at  - 1 8^C  and  5()X\ 

b.  at  extremely  cold  ambient  conditions,  man- 
ual resuscitators  with  bag-type  reservoirs  de- 
livered higher  F|)():S  than  did  resuscitators 
with  tube-type  reservoirs. 

c.  only  the  Code  Blue  and  DMR  resuscitators 
met  ASTM  and  ISO  standards  across  the  op- 
erational temperature  ranae  of  -18°C  to 
50°C. 

d.  all  of  the  above 

e.  a  and  c  only 


32.  Which  of  the  following  is  most  correct? 

a.  A  ventilator-dependent  patient's  need  for  a 
second  complex  technology  is  usually  an  in- 
dication that  foster  care  should  be  provided. 

b.  Chronic  ventilator  care  outside  of  the  U.S. 
has  focused  on  postpoliomyelitis  patients, 
high  quadriplegics,  and  patients  with  neuro- 
muscular disease. 

c.  In  the  LJ.S..  home  mechanical  ventilation  has 
been  most  successful  in  patients  with  COPD 
and  neuromuscular  disease. 

d.  all  of  the  above 

e.  b  and  c  only 

IMarch  91: 199-204] 


[March  91:161-1721 


30.  According  to  Shigeoka. 

a.  the  threat  of  rapid  obsolescence  may  explain 
why  investigators  have  been  reluctant  to  per- 
form long-temi  field  studies  of  demand 
valves. 

b.  the  Medicare  half-rate  provision  for  oxygen 
flows  <  1  L/min  encourages  the  use  of  trans- 
tracheal catheters  and  reservoir  conservers. 

c.  the  use  of  oxygen  conservers  could  result  in 
reduced  operating  expenses  for  vendors  and 
increased  ambulation  for  patients. 

d.  all  of  the  above 

e.  a  and  c  only 

[March  91:178-1831 


33.  According  to  Gilmartin, 

a.  patients  with  amyotrophic  lateral  sclerosis 
are  easily  managed  on  home  ventilation. 

b.  weaning  from  a  critical-care  ventilator  on 
CPAP  and/or  a  pressure-support  mode  can 
easily  be  continued  at  home. 

c.  home  care  services  need  to  be  involved  early 
in  the  hospital-discharge  planning  process. 

d.  all  of  the  above 

e.  a  and  b  only 

[March  91:205-216] 


34.  Theophylline 

a.  is  taken  by  an  estimated  10  million  asthmat- 
ic Americans. 

b.  should  be  injected  quickly,  within  20  min- 
utes. 

c.  might  be  responsible  for  causing  some  cases 
of  apnea  of  prematurity. 

d.  all  of  the  above 

e.  b  and  c  onlv 


31.  According  to  Stoller.  when  attempting  to  es- 
tablish clinical  unweanability 

a.  one  should  review  remedial  aspects  of  the 
patient  and  the  ventilator  system  and  op- 
timize the  likelihood  of  successful  weaning. 

b.  the  clinician  poses  the  question:  Of  those  pa- 
tients predicted  not  to  wean  on  the  basis  of  a 
weaning  parameter,  how  many  fail  to  wean? 

c.  weaning  parameters  that  help  to  establish 
unweanability  should  have  high  negative 
predictive  values. 

d.  all  of  the  above 

e.  a  and  b  only 


[March  91:218-221 


35.  Of  the  portable  suction  systems  evaluated  by 
Curran  et  al 

a.  none  had  a  pressure  regulator  as  a  com- 
ponent. 

b.  only  two  could  generate  a  maxnnum  pres- 
sure equal  to  standard  suction  pressure  ( 120- 
1.50  ton). 

c.  all  suctioncti  the  same  amount  of  maple  syr- 
up in  5  secoiuis  as  tiid  wall  suction. 

d.  all  of  the  abo\c. 

e.  b  and  c  only 


[March  91:186-198] 


[April  1991:259-266] 


772 


RESPIRATORY  CARE  •  JLILY  •^)\  V\.l  .^6  No  7 


CRCE  through  the  Journal 


36.  The  use  oia  inallcahlc  metal  intubation  st\let 

a.  allows  shaping!  of  the  emiotraelieal  tube  and 
ean  aid  in  its  insertion. 

b.  permits  the  forceful  tube  insertion  desirable 
in  emergency  intubations. 

c.  is  safe  as  long  as  the  distal  end  of  the  stylet 
barel\  protrudes  be\ond  the  end  of  the  endo- 
tracheal tube. 

d.  all  of  the  above 

e.  a  and  e  only 

[April  1991:267-269] 


37.  According  to  the  critical  review  of  the  literature 
by  Eid  et  al.  chest  physiotherapy 

a.  probably  is  not  helpful  and  may  be  harmful 
in  uncomplicated  pneumonia. 

b.  appears  to  be  helpful  in  the  management  of 
bronchiolitis. 

c.  is  indicated  in  all  routine  postoperative  man- 
agement. 

d.  all  of  the  above 

e.  a  and  b  only 

[April  1991:270-2821 


38.  According  to  the  critical  review  of  the  literature 
by  Eid  et  al,  in  bronchiectasis 

a.  mucociliary  clearance  is  usually  preserved. 

b.  chest  physiotherapy  does  not  enhance  secre- 
tion clearance. 

c.  chest  physiotherapy  may  enhance  secretion 
clearance  but  is  not  associated  with  doc- 
umented improvement  in  pulmonary  func- 
tion. 

d.  distorted  bronchi  can  be  returned  to  normal 
with  secretion  removal  and  antibiotics. 

e.  a  and  b  onlv 


40.  Evidence  contributing  to  the  concept  that  res- 
piratory muscle  fatigue  may  be  involved  in  fail- 
ure to  wean  includes 

a.  electromyographic  (EMG)  and  clinical  ev- 
idence of  diaphragm  dysfunction  has  been 
shown  to  precede  hypercapnia  in  patients 
who  fail  to  wean. 

b.  rapid,  shallow  spontaneous  breathing  char- 
acterizes those  who  fail  to  wean. 

c.  patients  with  increased  WOB  are  more  like- 
ly to  fail  to  wean. 

d.  all  of  the  above 

e.  b  and  c  only 


[April  1991:290-296] 


41.  Valid,  clearly  defined   criteria  for  elective  ven- 
tilation 

a.  have  been  determined  by  prospective  con- 
trolled studies. 

b.  might  include  the  presence  of  confirmed  ob- 
structive ventilatory  impairment. 

c.  might  include  a  history  of  symptoms  sug- 
gestive of  sleep-related  alterations  in  gas  ex- 
change. 

d.  should  be  completely  independent  of  patient 
prognosis 

e.  both  b  and  c 


[April  1 991: 297-304  [ 


[April  1991:270-282] 


39.  According  to  the  lecture  by  Dr  Mary  Ellen 
Avery 

a.  at  least  30,000  infants  worldwide  have  been 
treated  with  synthetic  or  natural  surfactant. 

b.  the   method   of  choice   for   surfactant   ad- 
ministration in  1991  is  aerosolization. 

c.  administration  of  only  a  small  amount  of 
surfactant  (3-3  inL)  can  reduce  surface  ten- 
sion in  the  lungs  of  a  premature  infant. 

d.  all  of  the  above. 

e.  a  and  c  only 


[April  1991:283-287[ 


42.  In  the  bench  study  by  Rau  and  Shelledy 

a.  a  decelerating   flow   pattern  produced  the 
highest  and  an  accelerating  pattern  the  low- 
est peak  inspiratory  pressure. 

b.  the  lowest  mean  airway  pressure  was  pro- 
duced by  an  accelerating  flow  pattern. 

c.  the  lowest  mean  inspiratory  pressures  are 
produced  by  a  decelerating  flow. 

d.  under  low -compliance  conditions  a  direct  re- 
lationship exists  between  peak  and  mean 
pressures. 

e.  under  low-compliance  conditions  as  peak 
pressure  decreases,  mean  pressure  decreases. 


[May  1991:347-356] 
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43.  Accortiing  \o  Bransdii's  review 

a.  A  number  ot  e\aluations  suggest  thai  cunenl 
ventilators  reduce  patient  work  ot"  breathing 
more  than  did  many  older  \  entilators. 

b.  The  bcnetils  of  inspirators  How  patlern  con- 
trol ha\e  been  clear!)  demonsiraled  in  nu- 
merous studies. 

c.  APRV   has  been   shown,  clearh    and   un- 
ec|ui\iicall\.  to  improve  gas  exchange  and 
hemod\namic   status   in   meciianicall\    ven- 
tilated patients. 

d.  New -generation  mechanical  ventilators  in- 
corporate vvell-validaled     respiratory  mech- 
anics monitors  thai  ha\e  been  clearly  dem- 
onsiraled  to   be   valuable   in   patient    man- 
agement. 

e.  Contrary  to  expectations,  pressure  support 
ventilation  may  disrupt  patient-ventilator 
svnchronv. 


[May  1991:362-376) 


44.  According  to  Tobin.  important  factors  that  can 
contribute  to  innominate  artery  rupture  include 

a.  pressure  erosion  by  an  overintlated  endo- 
tracheal lube  cutT. 

b.  tracheal  wail  erosion  by  the  lip  of  an  ex- 
cessively long  tube 

c.  gastroesophageal  reflux 

d.  portal  hsperlension 

e.  a  and  b  only 


[May  1991:395-406] 


45.  Factors  present  in  neonates  and  infants  that  can 
cause  drug  pharmacokinetics  and  phar- 
macodynamics to  differ  from  those  found  in 
adults  include 

a.  decreased  gastric  emptying  time,  high  gas- 
tric pH.  and  increased  intestinal  transit  rate 

b.  relatively  lower  volume  of  distribution 

c.  relative  pancreatic  hyperactivity 

d.  all  of  the  above 

e.  both  a  and  b 


46.  .According  to  Green's  review 

a.  Flexible  bronchosct)py  is  superior  to  rigid 
bronchoscopy  for  evaluating  a  case  of  sus- 
pected epglottilis. 

b.  The  distal  bronchi  can  be  more  readily  ob- 
served with  the  flexible  than  with  the  rigid 
bronchoscope. 

c.  Airway  dynamics  can  be  more  readily  ob- 
servetl  with  the  rigid  than  with  the  flexible 
bronchoscope. 

d.  a  and  b 

e.  b  and  c 

[.June  1991:555-5651 


47.  According  to  the  review  of  Coghill  et  al 

a.  HFJV  employs  a  high  pressure  source  to  de- 
liver a  volume  of  gas  through  a  small-bore 
injector  cannula. 

b.  HFFI  provides  small  volumes  al  high  fre- 
quencies by  interrupting  a  gas  How  (no  in- 
jector cannula  is  used). 

c.  HFOV  differs  from  other  forms  of  HFV  be- 
cause expiration  is  active. 

d.  HFPPV  usually  employs  a  conventional  pos- 
itive-pressure ventilator. 

e.  all  of  the  above 

[June  1991:596-612] 


48.  According  to  Chatbum's  review 

a.  In   general,   a   surfactant-deficient   lung   is 
more  likely  to  develop  PIE  than  is  a  more 
easily  expanded  lung. 

b.  Collateral  gas  flow  (through  the  pores  of 
Kohn,  canals  of  Lambert,  and  inter- 
bronchiolar  channels  of  Martin)  is  lacking  in 
the  immature  lung. 

c.  When  the  ventilatory  muscles  are  relaxed, 
measurements  of  pressure,  volume,  and  flow 
can  be  used  to  calculate  total  respiratory  sys- 
tem compliance  and  resistance  using  the 
equation  of  motion. 

d.  All  of  the  above 

e.  a  and  b  onlv 


[June  1991:514-5421 


[June  l991:569-592[ 
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49.  In  neonates,  which  of  the  tollowing  is  (are) 
true: 

a.  Diuretic  usage  can  result  in  hypokalemia, 
hyponatremia,  hypochloremia.  and  hyper- 
calciuria. 

b.  Diuretic  usage  can  lead  to  decreased  airways 
resistance,  decreased  dynamic  compliance, 
and  decreased  specific  conductance. 

c.  Bronchodilator  therapy  can  reduce  airways 
resistance  and  work  of  breathing. 

d.  all  of  the  above 

e.  a  and  c  only 


."SO.  According  to  Andersen's  review 

a.  All    postoperati\e   patients   should   receive 
chest  physiotherapy,  PEP  mask  therapy,  or 
incentive  spirometry. 

b.  Early  ambulation  of  the  surgical  patient  is 
probably  the  most  effective  method  of  nor- 
malizing pulmonary  function. 

c.  Studies  of  PEP  therapy  suggest  that  oxygen 
tensions  may  decrease  and  airway  function 
deteriorate  during  such  therapy. 

d.  all  of  the  above 

e.  both  b  and  c 


[June  1991:613-620] 


[June  199I:546-5.^4J 
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SAVE  UP  T0 10%  OFF 
US  SPRINFS 
ALREADY  LOW  RATES 
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America's  Best  Long  Distame  Value, 
Even  Better  For  Our  Members, 


Exciting  news  for  your  business  bottom  line!  Your 
company  can  now  enjoy  the  quality  and  price 
advantages  of  US  Sprint®  fiber  optic  long 
distance  at  special  member  discounts  on  out-of- 
state  calls: 

•  1 0%  off  daytime  rates 

•  4%  off  evening  rates 

•  3%  off  night  and  weekend  rates 

OR: 

•  5%  off  Dial  1  WATS  daytime  calls  for 
customers  with  higher  long  distance  usage 

The  best  part  is  that  these  discounts  are  in 
addition  to  US  Sprint's  already  low  rates. 

Fiber  Opfk  Quality, 
24-Hour  Customer  Servite 

US  Sprint  can  offer  us  these  extra  savings 
because  its  nationwide  1 00%  digital  Fiber  Optic 
Network  not  only  sets  a  revolutionary  new 


standard  in  sound  quality  but  is  the  most  cost- 
effective  method  of  telephone  transmission  now 
in  use.  US  Sprint  can  take  you  not  only  anywhere 
in  the  nation,  but  anywhere  in  the  world  you  want 
to  do  business.  You'll  get  24-hour  Operator 
Services,  Directory  Assistance  and  Customer 
Service.  Plus  you'll  benefit  from  a  full  range  of 
features  that  enhance  your  business  productivity. 

US  Sprint  POHCARDs^ 
FREE  For  Our  Members 

FONCARD  gives  you  US  Sprint  quality  and 
savings  away  from  your  office.  Every  out-of- 
state  call  saves  you  25c*  over  AT&T's  surcharge 
and  up  to  1 0%,  20%,  even  30%  over  AT&T's 
standard  rates.  Your  special  discounts  apply  to 
all  FONCARD  charges,  plus  FONCARD  is  free 
with  US  Sprint  long  distance  service. 

'For  calls  greater  than  11  miles  in  distance. 


TO  Gn  THIS  EXCIUSIVE  MEMBER  BENEFIT, 

CALL  NOW  TOLL-FREE  1  800  669-8585. 


Nol-lbr-profit  organi/alioiis  are  (ill'cR'il  a  tree  ailvi-rliscmenl  iil  up  tn  cij;hl  lines  to  appear,  on  a  space-available 
basis,  in  Calendar  of  Events  in  Ri  simratory  Cari  .  Ads  tor  other  meetings  arc  priced  at  %f<.50  per  line 
and  require  an  insertion  order.  Deadline  is  the  2()th  of  month  two  [iionlhs  preceding  the  month  you  wish 
the  ad  to  run.  Submit  copy  and  insertion  orders  to:  Calendar  of  F.\ents.  Ri  simk  mok'i  Cari.  110.^0  .Abies 
Lane.  Dallas  TX  752:') 


Calendar 
of  Events 


AARC  &  AFFILIATES 

July  10-12  in  Houston,  Texas.  The  TSRC  meeting 
features  AARC  President  Patriek  Dunne,  and  Kevin 
Shrake.  Diane  Lewis.  Connie  Podesta.  and  Ulf  Borg. 
For  infonnation  contact  TSRC  Executive  Office. 
PO  Box  5LS239.  DaMas  TX  7525  L  (214)  239-8772 
or  fax  (214)  239-6418. 

July  12-14  in  Vail,  Colorado.  The  AARC  presents 
the  Summer  Forum.  See  the  April  issue  of  AARC 
Times  for  more  information  or  call  the  AARC 
Convention  Department  at  (214)  243-2272. 

July  28-29  in  Las  Vegas,  Nevada.  The  NSRC  will 
host  its  5th  Annual  Meeting  and  Conference  at  the 
Howard  Johnson  Plaza-Suite  Hotel.  Contact  Perri 
Tiggeman  at  (702)  361-1650  or  (702)  643-6575. 

August  7-9  in  Albuquerque,  New  Mexico.  Come 
help  celebrate  our  Silver  Anniversary  at  the  Annual 
Summer  Convention  &  Exhibition  at  the  Albu- 
querque Holiday  Inn-Pyramid.  The  NMSRC  4th 
Annual  Golf  Tournament  is  featured  on  August  7 
at  one  of  the  country's  top  50  public  courses,  Cochiti 
Lake.  Contact  Robert  Quintela  RRT  RCP.  Respi- 
ratory Therapy.  St  Joseph's  West  Mesa  Hospital. 
10501  Golf  Course  Road  NW,  Albuquerque  NM 
87106. 

August  23  in  Dayton,  Ohio.  The  OSRC  will  present 
the  fourth  annual  Neonatal/Pediatric  Conference  at 
Sinclair  Center.  Contact  Susan  Marcklinger.  RRT. 
St  Ann's  Hospital  of  Columbus  (614)  898-4069. 

September  11-13  in  Ocean  City,  Maryland.  The 

MD/DC  Society  for  Respiratory  Care  celebrates  the 
10th  anniversary  of  its  Conference  by  the  Sea  at 
the  Carousel  Hotel.  Meeting  topics  include  neonatal. 
critical  care,  pulmonary  function  testing,  home  care, 
rehab,  and  ethics,  along  with  student  and  manage- 
ment workshops.  Contact  Elgloria  Harrison  at  (202) 
745-5105. 

September  19-20  in  Indianapolis,  Indiana.  The 
LSRC  presents  its  1 8th  Annual  Fall  Seminar  at  the 
Holiday    Inn-North.    The    two    full    days    feature 


lectures,  specialty  sections,  exhibits,  and  Sputum 
Bowl  competitions.  Topics  include  the  future  of 
ventilation,  home  care  accreditation,  pediatric 
rehabilitation,  MDl  therapy,  total  quality  manage- 
ment, asthma,  critical  care,  and  Exosurf  use.  Contact 
Kathleen  Lee,  Ivy  Tech,  PO  Box  1763,  Indianapolis 
IN  46206.  Or  call  (317)  921-4402. 

September  25-27  in  Minneapolis,  Minnesota.  The 
MSRC  presents  its  22nd  Annual  Education  Confer- 
ence at  the  Holiday  Inn  West.  Activities  begin  with 
the  3rd  annual  "Duffers  Open"  golf  tournament  and 
the  MSRC  "Quiz  Bowl."  Dr  Ronald  Cranford, 
nationally  known  biomedical  ethicist,  gives  the 
keynote  lecture.  Contact  Michele  Patnaude  at  (612) 
347-2546. 

October  30-31  in  Sturbridge,  Massachusetts.  The 

MSRC  presents  its  14th  Annual  Meeting  at  the 
Sheraton  Sturbridge  Resort  and  Conference  Center. 
Topics  include  bronchoscopy,  home  care,  asthma 
diagnosis  and  therapy,  ECMO,  sleep  studies,  and 
much  more.  Special  feature  —  Debate  covering  the 
pros  and  cons  of  pentamidine  and  ribavirin.  Contact 
Gina  Farquharson  RRT,  16  Bartlett  St,  Pembroke 
MA  02359.  (617)  293-6090. 

OTHER  MEETINGS 

September  20  in  Beaumont,  Texas.  The  Respi- 
ratory Care  Services  Department  of  St  Elizabeth 
Hospital  hosts  its  3rd  Annual  Educational  Seminar 
at  the  Beaumont  Plaza  Holiday  Inn.  Lectures  and 
hands-on  workshops  cover  a  wide  variety  of  topics 
of  interest  to  respiratory  and  nursing  professionals. 
Contact  Greg  Rodgers  RRT  at  (409)  899-7065. 

September    27    in    Philadelphia,    Pennsylvania. 

Main  Line  Health  Inc  presents  "  "Current  Perspec- 
tives in  Adult  and  Neonatal  Pulmonary  Care""  at 
the  Society  Hill  Sheraton  Hotel.  Fee:  $100 
physicians;  S75  RTs.  RNs.  and  PAs  (includes 
breakfast  and  lunch).  Hotel  and  tour  packages 
available.  Contact  Bob  Kay  or  Bill  Howell.  Bryn 
Mawr  Hospital.  130  S  Bryn  Mawr  Ave.  Bryn  Mawr 
PA  19010.(215)526-3340. 
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^^^^    Blood  Gas  Study  Packages 

Patient  Evaluation 

□  Arterial  Blood  Gas  Interpretation 
Item  PE10-$10 

Describes  a  systematic  method  that  allows  you 
to  correctly  classify  the  acid-base  dysfunction 
and  to  relate  the  diagnosis  concisely  and 

Shipping  is  $2  for  the  first  copy  and  25<1;  for 
each  additional  copy. 

Credit  card  orders  may  call  (214)  243-2272. 
To  place  an  order,  mail  the  completed  order 
blank  below  to:  A  ARC,  1 1030  Abies  Lane, 
Dallas,  TX  75229 

coherently  to  other  members  of  the  health  care 
team. 

n  Sources  of  Error  in  the  Determination  of 
Blood  Gas  Values  and  pH 
Item  PE7-$10 

n  Temperature  Adjustment  of  Blood  Gases  and 

pH 

Item  PE8-$10 

Name 
Address 

Check  appropriate  boxes: 

nPE10-$IO     nPE7-$10     D  PES -$10 

Shipping-  i;                                         Tntal-  S 

Mail  to:  American  Association  for  Respiratory  Care 
1 1030  Abies  L^ne,  Dallas,  TX  75229 

SLEEP  DISORDERS  —  By  Brian  Foresman,  MD.  An  easily  understood  and 
straightforward  discussion  of  the  physiology  of  sleep  and  the  kinds  of  respiratory  and 
nonrespiratory  sleep  disorders  seen  in  the  hospital.  Discusses  how  to  spot  sleep  apnea,  the 
problems  caused  by  the  inpatient  hospital  setting,  sleep  disorder  diagnosis,  and  treatment. 
It  further  tells  you  how  to  interact  with  physicians  to  help  them  treat  these  patients. 
Item  VT32  —  VHS-$40  ( AARC  Member  $35)  Please  add  $2  for  shipping  and  handling. 

I  want  to  learn  more  about  sleep  disorders.  Send  me Sleep  Disorders 

(VT32)  —  $40  each  (AARC  Member  $35)  Please  add  $2  tor  shrppmg  and  handling 


Payment  enclosed  in  the  amount  of  $ 


,  Bill  me.  My  P.O.  No.  is  . 


Charge  to  my  LJ  MasterCard    LD  Visa    Card  No. 


Expiration  Date . 

Name 


.  Signature 


Institution 
Address 


City /State/Zip . 
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Mail  to: 

AARC  •  11030  Abies  Lane  •  Dallas,  TX  75229-4593 

Or  fax  your  order  to  (214)  484-2720 


■NEW!' 


Notices  of  conipclilions.  scholarships,  Iclkm ships.  csaiiiiiiaUon  ilalcs.  new  cilucatioii  programs,  aiul  ihc  like  will 
be  lisled  here  free  of  charge.  Items  for  the  Notices  section  must  reach  the  Journal  (iO  days  before  the  desired 
month  of  publication  (January  1  for  the  March  issue.  f-ebruar>  I  lor  Ihc  April  issue,  etc).  Include  all  pertincni 
inlomialioii  and  mad  notice  to  Ri-spik Moki  C.XRI-  Notices  IX-pt.  1  lO.^O  Abies  Lane.  Dallas  TX  7522')-45'*.v 


Notices 


THE  ALLEN  AND  HANBHRYS  PIBLK  ATIONS  AWARDS 

FOR  1991 

1.  $2.(100  liir  llic  hcsi  oniiiiiai  paiKM  (sIuJn,  c\aliialioii,  or  case  report)  acccplcil 
for  publication  in  Rl  si'iK  MiiK"!  C\Kl  from  Novcinbcr  !')'«!  ilircHij;!)  Oclobci  \W\. 

2.  Four  aw  aids  ol  S 1 .000  each  for  papers  bascil  on  1  WO  Ofi  \  h  )Kl  \1  pivsenlalions 
accepted  lor  piihlicalion  in  Rl  si'lK MOKV  Caki  Irom  November  !')')()  Iliroiigh  Ocloher 
IWl. 

.V  h'i\eauaidst)t  S.5()0eacl)  lor  ihe  best  papeis  (subiiiillcd.  not  necessarily  published) 
from  'never  published  in  RC"  Open  Foriim  parllcipanls.  The  author  must  present 
ihe  abstract  at  the  Annual  Meeting  and  must  submit  a  paper  based  on  the  abstract 
before  the  Annual  Meeting  (received  in  the  Editorial  Office  by  December  I ). 


RECISTRATION  REIMBURSKMENT 
FOR  OPEN  FORUM  PAPERS 

Any  UNI  OPEN  FORUM  presenter  (or  co-auihor  designee)  who  submits 
an  adequaiel)  prepared  paper  based  on  his  or  her  Open  Forum  presentation 
/)/■(();■  /(»  or  (//  the  W-))  Annual  Meeting  will  be  reimbursed  lor  Annual  Meeting 
recisiracion.  The  submitted  paper  must  contain  complete  data,  be  appropriately 
organized,  and  be  typed  double-spaced.  Camera-read)  artwork  need  not  be 
submitted  with  the  paper,  but  sketches  of  proposed  figures  should  be  clear  and 
detailed  enough  to  allow  critique. 


AARC  SUMMER  FORUM— July  12-14.  1991 

Conic  and  ■i.iiiiih  llic  liiyhcsl  iiiounumr"  vmiIi  vour  lellou  ihcriipisls  at  ihc 
■AARC  Summer  Forum  in  Vail.  C'oloriitlo.  jl  l)ie  Wcslm  Halcl.  C'nnlacl  Ihc  ,AARC 
Oirncniions  Dcpl  at  (214)  24.1-2272. 

AARC  ANNUAL  CONVENTION  SITES  &  DATES 

1991 — Allanla.  Georgia.  December  7-10 
1992 — San  Antonio.  Texas.  Decemticr  12-l.*^ 
1993 — Nashville.  Tennessee.  December  1 1-14 
1994 — Las  Vegas.  Nevada.  December  12-15 
1995 — Orlando.  Florida.  December  2-5 


THE  NATIONAL  BOARD  FOR  RESPIRATORY  CARE 

1991  Examination  and  Fee  Schedule 

CRTT  Exumination 

Fee  Schedule 

EXAMINATION  DATE:                                            JUL'^'  20 

IWI 

Entry  Level  CRTT — new  applicant: 

$  75.00 

.■\pplications  Accepted  Beginning:                               March  1 

1991 

Entry  Level  CRTT — reapplicant: 

S  50.00 

.Application  Deadline:                                                   May  1 

1991 

RRT  Written  and  Clinical  Simulation — 

EXAMINATION  DATE:                                 NOVEMBER  9 

.Applications  Accepted  Beginning:                                  July  1 
.Application  Deadline:                                            September  1 

1991 
1991 
1991 

new  applicant: 
Written  Registry  Only  new  applicant: 
Written  Registry  Only  reapplicant: 
Clinical  Simulation  Only  new  and  reapplicant: 

$175,00 
$  75.00 
$  50.00 
$100.00 

RRT  Examination 

Entry  Level  CPFT — new  applicant: 

$100.00 

Entry  Level  CPFT — reapplicant: 

$  80.00 

EXAMINATION  DATE:                                  DECEMBER  7 

.Applications  Accepted  Beginning:                                  June  1 
.Application  Deadline:                                                  August  1 

1991 

1991 
1 W 1 

Advanced  RPFT — new  applicant: 
Advanced  RPFT — reapplicant: 

CRTT  Recredentialing: 

$150.00 
$130.00 

$  25.00 

RPFT  Examination 

RRT  Recredentialing: 

Written  Registry  Examination 

$  25.00 

EXAMINATION  DATE:                                DECEMBER  7 

1991 

Clinical  Simulation  Examination 

$  65.00 

Applications  Accepted  Beginning:                                July  1 

IWl 

CPFT  Recredentialing: 

S  25.00 

Application  Deadline:                                            September  1 

1941 

RPFT  Recredentialing: 
Membership  Renewal 

$  90.00 

CRn/RRT/CPFT/RPFT 

$   12.00 

8310  Nieman  Road  • 

Lenexa, 

Kansas  66215  •  (9131  599-4200 
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ake  a  tip  from  us ... 
...  and  pass  it  on. 


Order  health  "tip  sheets"  from  the  AARC. 
Perfect  for  spring  health  fairs  or  patients, 
family,  and  friends. 

These  health  tips  are  reprinted  from  the 
December  1990  issue  of  AARC  Times  as  written 
by  the  AARC's  Health  Promotion  Committee. 
They  offer  practical  advice  on  coping  with 
health  care  problems. 


®{?  @Dfll5(o]®@[F  m\r  P@DDQ0(^Q®[J0 


l®o  ©I?  [o)g](§C3?:' 
(Tip  sheets  come  in  pacl<s  of  50) 

Dealing  with  Allergies 


Minimizing  the  Effects 
of  Outdoor  Air  Pollution 


Minimum  order:  One  pack  (50  sheets  per  pack)  for  $5.00 


Living  witti  Asttima 

Ttie  Process  of  Quitting  Smoking 

Coping  witli  Indoor  Air  Pollution 

Exercising  Safely  with  CORD 

Lessening  the  Effects  of  COPD 

TOTAL  PACKS 

TOTAL  COST  ($5.00  PER  PACK) 

Charge  to  my 

Visa  MasterCard 

Exp.  Date  

Card  No 

Signature 


Name  or  institution 
Address 


City. 


.State Zip. 


AARC  IVIember  No. 
Contact  person  


mm  ftfo)^ 

Institution  _ 
Address  _ 


City. 


.State Zip. 


Purchase  Order  No. 
Telephone  Number 


Credit  Card 

Orders 

may  be  placed 

by  calling 
(214)243-2272 
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RE/PIRATORy  CARE 


Instructions  for  Authors  and  Typists 


These  Instructions  arc  meant  to  guide  authors  and  typists,  including 
veterans  in  those  roles,  in  the  production  of  quahty  manuscripts.  Perfection 
is  not  expected,  but  the  well-prepared  manuscript  has  the  best  chance 
for  prompt  review  and  early  publication. 

General  Requirements 

Submissions  should  ( 1 )  be  related  to  respiratory  care,  (2)  be  planned 
for  one  of  the  publication  categories  below,  and  (3)  be  prepared  as 
indicated  in  these  Instructions.  A  letter  accompanying  the  manuscript 
must  specify  the  intended  publication  category,  be  signed  by  all  the  authors, 
and.  when  there  are  two  or  more  authors,  state  that  "We,  the  undersigned, 
have  all  participated  in  the  work  reported,  read  the  accompanying 
manuscript,  and  approved  its  submission  for  publication." 

Publication  Categories 

Research  Article  (Study):  A  report  of  an  original  investigation. 

Evaluation   of  a    Device/ Method/Technique:    A   description   and 

evaluation  of  an  old  or  new  device,  method,  technique,  or  modification. 

Case  Report:  A  report  of  a  clinical  case  that  is  uncommon  or  of 

exceptional  teaching  value.  The  authorls)  must  have  been  associated 

with  the  case.  A  case-managing  physician  must  be  one  of  the  authors 

or,  if  not  an  author,  must  supply  a  letter  approving  the  manuscript 

Case  Series:  Like  a  Case  Report  but  including  a  number  of  cases. 

Review  Article:  A  comprehensive,  critical  review  of  the  literature  and 

state  of  the  art  of  a  pertinent  topic  that  has  been  the  subject  of  40 

or  more  published  research  papers. 

Overview:  A  critical  review  of  a  piertinent  topic  about  which  not  enough 

research  has  been  published  to  merit  a  Review  Article. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has  been 

critically  reviewed  (not  necessarily  in  this  journal). 

Point  of  View:  A  paper  expressing  the  author's  personal  opinions  on 

a  pertinent  topic. 

Special  Article:  If  a  paper  does  not  fit  one  of  the  foregoing  categories 

but  is  pertinent,  the  editors  may  consider  it  as  a  Special  Article. 

Editorial:  A  paper  that  draws  attention  to  a  pertinent  concern. 

Letter:  A  signed  communication  about  material  published  in  this  journal 

or  on  topics  of  interest  or  value  to  readers. 

Blood  Gas  Comer:  A  brief,  instructive  case  report  (real  or  fictional) 

involving  invasively  or  noninvasively  obtained  respiratory  care  blood 

data,  followed  by  questions  for  readers — with  answers  and  discussion. 

PFT  Comer:  Like  Blood  Gas  Comer  but  involving  pulmonary  function 

testing. 

Test  Your  Radiologic  Skill:  Like  Blood  Gas  Comer  and  PFT  Comer 

but  involving  pulmonary-medicine  radiography  and  including  one  or 

two  4  X  5  or  5  X  7  inch  prints  of  radiographs.  The  case  must  be  real. 

Review  of  Book,  Film.  Tape,  or  Software:  Anyone  interested  in  writing 

a  review^  can  discuss  it  with  an  editor. 

Editorial  Consultation  and 
Author's  &  Typist's  Kit 

To  discuss  a  writing  project,  write  to  Respiratory  Care.  1 1030  Abies 
Lane.  Dallas  TX  75229  or  call  214/243-2272. 

Authors  are  urged  to  obtain  the  Respiratory  Care  Author's  &  Typist's 
Kit.  The  Kit  provides  authors  with  specific  guidance  about  writing  a 
research  paper,  writing  a  case  report,  converting  to  and  from  SI  units. 


and  in-house  manuscript  review.  Typists  can  use  the  Kit's  Model 
Manuscript,  a  list  of  journal  name  abbreviations,  and  a  copy  of  these 
Instructions.  The  Kit  is  free  from  the  Journal  office. 

Preparing  the  Manuscript 
General  Concerns — Typist 

•  Double-space  ALL  lines,  including  those  in  references,  figure  legends, 
and  tables.  Do  not  justify  right  margins 

•  Number  pages  in  upper  right  corner  and  leave  margins  of  1  '^"  or 
more  on  all  four  sides  of  the  page. 

•  For  research  articles,  follow  format  of  Model  Manuscript,  Respir  Care 
1984:29:182  (Feb  1984). 

•  Meticulously  follow  instructions  for  typing  references. 

General  Concerns — Author: 

•  Structure  manuscript  as  specified  hereafter. 

•  Provide  all  requested  information  on  title  page  as  specified  hereafter. 

•  Proofread  manuscript  for  completeness,  clarity,  grammar,  spelling; 
be  sure  all  references,  figures,  and  tables  are  cited  in  the  text. 

•  Consider  having  paper  reviewed  in-house  before  submission. 

•  Have  all  co-authors  proofread  and  approve  manuscript  and  sign 
submission  letter. 

Manuscript  Structure 

Most  kinds  of  papers  have  standard  parts  in  a  standard  order.  However, 
papers  can  vary  individually,  and  not  every  paper  will  have  all  the  parts 
listed  here. 

Research  Article:  Title  page,  abstract  page,  continuous  text  (Introduction. 
Materials  &  Methods,  Results,  Discussion),  Product  Sources  page. 
Acknowledgments  page,  references,  tables,  figure  legends.  Please  consult 
"Writing  a  Research  Paper,"  Respir  Care  1985:30:1057  (Dec  1985) 
and  Model  Manuscript.  Respir  Care  1984:29:182  (Feb  1984). 
Evaluation  of  Device/Method/Technique:  Title  page,  abstract  page, 
continuous  text  (Introduction.  Description  of  Device/ Method/Technique, 
Methods  of  Evaluation,  Results  of  Evaluation,  Discussion),  Product 
Sources  page.  Acknowledgments  page,  references,  tables,  figure  legends. 
Case  Report  or  Case  Series:  Title  page,  abstract  page,  continuous  text 
(Introduction.  Case  Summary.  Discussion),  Acknowledgments  page, 
references,  tables,  figure  legends.  Also  see  "How  To  Write  a  Better  Case 
Report"  Respir  Care  1982:27:29  (Jan  1982). 

Review  Article:  Title  page.  Table  of  Contents  page,  continuous  text 
(Introduction,  History,  Review  of  Literature,  State  of  the  Art,  Discussion. 
Summary),  references.  May  include  figures  &  tables.  No  abstract.  Table 
of  Contents  optional.  Other  formats  may  be  appropriate. 
Overview,  Update,  Point  of  View,  or  Special  Article:  Title  page,  text 
(introduction,  message),  references,  tables,  figure  legends.  No  abstract. 
Letter:  Title  page  (provide  a  title),  text,  writer's  name  &  affiliation, 
references.  Tables  &  figures  may  be  included.  Double-space  everything. 
Write  "For  Publication"  on  title  page. 

Structure:  Important  Details 

Title  Page:  List  title  of  paper,  all  authors'  full  names,  degrees,  credential 
letters,  professional  pxisitions,  and  affiliations.  List  conespondence  address, 
telephone  number,  and  reprint  address  if  desired.  Name  sources  of  grants 
or  other  support.  Identify  any  author's  consulting  or  commercial 
relationships  that  pertain  to  the  paper's  topic. 
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INSTRUCTIONS  FOR  AUTHORS  &  TYPISTS 


Abstract  Page:  Number  ihis  Page  1.  List  paper's  title  but  omit  authors' 
names.  Abstract  shuuld  be  2CK)  words  or  less  and  must  be  informative, 
bnclly  specifying  mam  points  of  paper,  such  as  methods,  results,  and 
conclusions  drawn. 

Statistical  Analysis:  In  research  articles,  identify  statistical  tests  and  chosen 
level  of  significance  in  the  Methods  section.  In  Results  section,  report 
actual  P  values. 

Figures  (illustrations):  .All  photographs,  diagrams.  &  graphs  must  be 
numbered  as  Figure  I.  Figure  2.  etc.  according  to  the  order  in  which 
each  is  first  mentioned  in  the  text.  Photographs  must  be  glossy  prints 
5  X  7  to  8  X  10  inches  and  should  he  black  &  white  unless  color 
is  e.s.sential.  Letters  and  numerals  must  be  neat  and  large  enough  to 
remain  legible  if  figure  is  reduced  in  si7e  for  publication.  Final  figures 
must  be  of  professional  quality,  but  'rough'  sketches  may  accompany 
the  submitted  manuscript,  with  final  figures  to  be  prepared  after  review. 
Identify  each  figure  on  back  with  a  slick-on  label  showing  figure  number 
and  arrow  indicating  top;  omit  author's  name.  Cover  label  with  clear 
tape  so  ink  will  not  smudge  other  prints.  Supply  three  sets  of  unmounted 
figures.  If  figure  has  been  published  before,  include  copyright-holder's 
written  permission  to  use  it. 

Figure  Legends:  List  figure  legends  on  a  separate  page,  not  on  figures. 
If  a  figure  has  been  published  before,  list  the  source  in  the  legend. 
Tables:  Type  each  table  on  a  separate  page.  Avoid  more  than  8  columns 
across.  Continue  a  deep  table  on  following  pages.  Give  each  table  a 
number  and  descriptive  title,  placed  above  the  table.  Double-space  ALL 
lines  in  tables,  including  column  headings  and  footnotes. 
Drugs:  Brand  names  may  be  given,  but  always  also  show  generic  names. 
Units  of  Measurement:  In  addition  to  conventional  units  of  measure, 
show  SI  values  and  units  in  brackets  after  conventional  expressions:  ie, 
"PEEP.  10  cm  H;0  [0.981  kPa]."  For  conversion  to  SI.  see  Respiratory 
C\Ri   1988:33:861-873  (Oct  1988). 

Commercial  Products:  If  three  or  fewer  commercial  products  are  named 
in  the  text,  list  the  manufacturer's  name  and  location  in  parentheses 
the  first  time  each  is  mentioned.  If  four  or  more  products  are  named, 
do  not  list  manufacturers  in  the  text;  instead,  name  the  products  and 
manufacturers  in  a  Products  Sources  list  at  the  end  of  the  text.  Provide 
model  numbers  when  available. 

Abbreviations:  Use  an  abbreviation  only  if  the  term  occurs  several  times 
in  the  paper.  Write  out  the  full  term  the  first  time  it  appears,  followed 
by  the  abbreviation  in  parentheses.  Thereafter,  employ  the  abbreviation 
alone.  Never  use  an  abbreviation  without  defining  it.  Do  not  create 
new  abbreviations  unless  absolutely  necessary. 

References: 

•  Use  references  to  support  statements  of  fact,  indicate  sources  of 
information,  or  guide  readers  to  further  pertinent  literature. 

•  Cite  only  published  works-  or  works  accepted  for  publication.  When 
listing  an  accepted  but  still  unpublished  work,  designate  the  accepting 
journal's  name,  followed  by  "(in  press)." 

•  In  the  text,  cite  references  by  superscript  numerals  (half  space  above 
text),  not  in  parentheses.  The  first  reference  cited  in  the  text  is  number 
I ,  the  next  is  number  2,  etc. 

•  In  the  reference  list  place  the  cited  works  in  numerical  order. 

•  For  the  reference  list  obtain  author  names,  article  and  book  titles, 
dates,  volume  and  page  numbers  from  the  original  cited  articles  and 
books,  not  from  secondary  sources  such  as  other  articles'  reference  lists, 
which  often  are  inaccurate. 

•  Type  references  in  medical-journal  style.  Examples  appear  at  the  end 
of  these  Instructions.  Abbreviate  journal  names  as  in  Index  Medicus. 
A  list  of  many  journal-name  abbreviations  was  published  in  Respir  Care 
I988;33:IO.SO(Nov  1988). 

•  DOUBLE-SPACF.  the  lines  of  references. 

•  List  ALL  authors'  names  Do  not  u.se  "et  al"  to  substitute  for  names. 

•  Identify  abstracts,  editorials,  and  letters  as  such.  See  examples. 

Personal  Communications.  Unpublished  Papers,  and  Unpublished 
Observations:  List  unpublished  items  in  parentheses  in  the  text,  not 
in  the  reference  list. 


Examples  of  How  To  Type  References 

Notes:  Although  the  examples  here  are  printed  with  single-spaced  lines, 
please  double-space  references  in  manuscripts.  Also,  note  that  words 
in  article  and  book  titles  are  not  capitalized — except  proper  names. 

Standard  Journal  Article: 

I    Shepherd  KE,  Johnson  DC,  Bronchodilator  testing;  An  analysis  of 
paradoxical  responses.  Respir  Care  1988;33:667-671. 
Corporate  Author  Journal  Article: 

2.  American  Association  for  Respiratory  Care.  Criteria  for  establishing 
units  for  chronic  ventilator-dependent  patients  in  hospitals.  Respir 
Care  1988;33:1044-1046. 

Article  in  Journal  Supplement: 

(Journals   differ    in    their    methods   of   numbering   and    identifying 

supplements.  Supply  sufficient  information  to  allow  retrieval.) 

3.  Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest 
I986;89(3,  suppi ):  1 39s- 1 43s. 

Abstract  in  Journal: 

(Abstracts  are  not  strong  references;  when  possible,  full  papers  should 

be  cited.  When  cited,  abstracts  should  be  identified  as  such.) 

4.  Lippard  DL,  Myers  TF.  Kahn  SE.  Accuracy  of  pulse  oximetry  in 
severely  hypoxic  infants  (abstract).  Respir  Care  1988:33:886. 

Editorial  in  Journal: 

5.  Rochester  DF.  Does  respiratory  muscle  rest  relieve  fatigue  or  incipent 
fatigue?  (editorial).  Am  Rev  Respir  Dis  1988;138;5I6-5I7. 

Letter  in  Journal: 

6.  Smith  DE,  Herd  D.  Gazzard  BG  Reversible  bronchoconstriction 
with  nebulised  pentamidine  (letter).  Lancet  1988:2:905. 

Personal  Author  Book: 
7    Nunn  JF.  Applied  respiratory  physiology.  New  York:  Appleton- 
Century-Crofts,  1969. 
Note:  To  specify  pages  cited  in  a  book,  place  a  colon  after  the  year 
and  then  list  the  page(s).  Examples;  1969:85  (one  page).  1963:85-95 
(series  of  contiguous  pages),  1963:85,95  (separated  pages). 
Corporate  Author  Book: 

8.  American  Medical  Association  Department  of  Drugs.  AMA  drug 
evaluations.  3rd  ed.  Littleton  CO:  Publishing  Sciences  Group.  1977. 

Book  with  Editor,  Compiler,  or  Chairman  as  'Author': 

9.  Gucnter  CA.  Welch  MH.  eds.  Pulmonary  medicine.  Philadelphia; 
JB  Lippincott.  1977. 

Chapter  in  Book: 

10.  Pierce  AK.  Acute  respiratory  failure.  In;  Guenter  CA,  Welch  MH. 

eds.  Pulmonary  medicine.  Philadelphia:  JB  Lippincott.  1977;  171- 

223. 

Submitting  the  Manuscript 

After  preparing  the  manuscript  according  to  these  Instructions,  perform 
a  final  proofreading  and  check  for  accuracy  and  completeness.  Then 
mail  three  copies  of  the  manuscript  and  three  sets  of  figures  to 
RE.SP1RATORV  Care.  1 1030  Abies  Lane.  Dallas  TX  75229  (or  Federal 
Express  to  Respiratory  Care.  1 1030  Abies  Lane.  Dallas  TX  75229). 
Manuscript  copy  on  IBM-compatible  or  Macintosh  disks  in  addition 
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News  releases  about  new  pnxiucb  and  scruccs  will  he  considered  for  publKalu>n  in  this 
section.  There  is  no  uharge  for  these  listings.  Send  descriptive  release  and  gloss\  black  and 
white  photographs  to  Rtsi-iRAroRV  C'ari  Journal,  New  Producti  and  Services  Depi,  110.10 
Abies  Une,  Dallas  TX  75229. 


New  Products 
&  Services 


BRONCHOSCOPE  STORAGE 
DRAPE.  The  stenlc,  dispoMihle 
bronchoscope  storage  drape  has  been 
designed  to  maintain  fiberoptic  bron- 
choscopes in  a  disinfected  state  be- 
tween uses.  The  drape  simply  slides 
o\  er  the  dry  disinfected  bronchoscope 
and  is  removed  prior  to  initiation  of  the 
procedure.  The  drape  allows  fiber- 
optic bronchoscopes  to  be  stored  in  a 
straight.  non-tle\ed  position,  as  rec- 
ommended by  bronchoscope  man- 
ufacturers. l-.AB  Medical  Supply. 
Dept  RC.  Rd  #3.  Bo.x  296-C.  Latrobe 
PA  l.'^6.'S().  (412)  539-().\^4  or  (412l 
537-21 1. V 


draw  air  in  and  around  a  patient  re- 
ceiving an  aerosol  treatment.  After 
tlowing  past  the  patient,  the  air  passes 
through  a  prefilter  and  a  HEPA  filter 
that  remo\e  99.999;  of  particulate 
matter  larger  than  0.3  |.lg.  according  to 
the  manufacturer.  Before  exhausting 
into  the  room,  the  air  also  passes 
through  a  charcoal  filter  that  helps  to 
remove  odors.  An  ultra-violet  ger- 
micidal light  (positioned  between  the 
HEPA  and  charcoal  filters)  is  avail- 
able as  an  option.  HR  Inc.  Dept  RC. 
PO  Box  1744.  Bellevue  WA  9S()()9. 
(206)881-7761  or  (SOO)  426-1042. 


TREA  IMKM  (il  ARD.  The  Aero 
sol  Treatment  Guard  is  a  small  cham- 
ber (on  wheels)  that  is  desicned  to 


PASSIVE  HUMIDIFIER.  Thermo- 
Flo  Filter  is  a  passive  humidifier  that 
incorporates  a  bacterial-viral  filter. 
The  combination  humidifier-filter  is 
desicned  to  extend  the  use  of  circuits 


by  keeping  them  dry,  clean,  and  re- 
sistent  to  bacterial  coloni/ation.  Ac- 
cording to  the  manulacturer,  the 
ThermoFlo's  huiimlit)  otitput  to  the 
patient  exceeds  the  ANSI  Z79  stan- 
dard for  active  hot-water-bath  hu- 
midifiers, and  its  bacterial-viral  filter 
is  99.9-1-%  effective.  ARC  Medical 
Inc.  Dept  RC.  735  Park  North  Blvd. 
Bldg  1 26.  Clarkston  GA  .3002 1 .  (404) 
296-8622. 


^■• 


INFANT    RESUSCITATOR.    The 

new  Infant  Disposable  Manual  Re- 
suscitator  (DMR)  for  single  patient 
use  is  a  disposable  version  of  the  Pu- 
ritan Manual  Resuscitator  (PMR  2). 
The  Infant  DMR  features  a  reusable 
PEEP  accessory,  a  disposable  version 
of  the  nonrebreathing  valve  and  bag- 
fill  valve  of  the  PMR  2.  and  a  PEEP 
adapter  that  utilizes  a  standard  22-mm 
PEEP  accessory.  The  oxygen  ac- 
cuinulator  collapses  to  one  third  its 
original  size  for  convenient  storage. 
According  to  the  manufacturer,  the 
Infant  DMR  meets  ASTM  Standard 
F-920-85  and  operates  within  the 
rangeof0°FtoI.30°F(-18°Cto54°C) 
for  emergency  applications.  Puritan- 
Bennett,  Dept  RC,  10800  Ptlumm  Rd. 
Lcnexa  KS  66215.  (913)  469-5400. 
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IT'S  THE  EASY  SOLUTION 


Proventil 

(albuterol  sulfate) 
Solution  for  Inhalation 


Unit  Dose  0.0837o* 
0.57o*  20  mL  bottle 

'Potencv  expressed  os  albuterol 


DESCRIPTION  PROVENTIL,  brand  ot  albuterol  sultale.  Solulion  tor  Inhala- 
hoti,  IS  a  relalively  seleclive  beta2 -adrenergic  bronchodilalor  (see  CLINICAL 
PHARMACOLOGY  section  below)  Albulerol  sultale  has  the  chemical  name 
a'-[(fe//-Bulylamino)  mettiyl|-4-hvdroxy-m-Kvlene-a.a'-diol  sullate  (21) 
(salt),  and  the  lollowmg  chemical  structure 


HOCH. 


HO-/QVchCHjNHCiCH,), 


OH 


•H,SO, 


Albuterol  sullate  has  a  molecular  weight  ol  576  7  and  the  empirical  tormula 
(C,3H?iN03)2'H2S0i  Albuterol  sullate  is  a  white  crystalline  powder,  soluble  in 
water  and  slightly  soluble  m  ettianol 

The  international  generic  name  lor  albulerol  base  is  salbutamol 
PROVENTIL  Solution  tor  Inhalation  is  available  in  two  concentrations  The 

0  5%  solution  IS  in  concentrated  torm  Dilute  0  5  mL  ot  the  solution  to  3  mL 
with  normal  saline  solution  prior  to  adminislration  The  0  083%  solution  re- 
quires no  dilution  prior  to  administration 

Each  mL  ot  PROVENTIL  Solution  tor  Inhalation  (0  5%)  contains  5  mg  oi 
albuterol  (as  60  mg  ol  albuterol  sutlale)  in  an  aqueous  solution  containing 
benzalkonium  chloride,  sullurtc  acid  is  used  to  adjust  the  pH  between  3  and  5 
PROVENTIL  Solution  tor  Inhalation  (05%)  contains  no  sullilmg  agents  It  is 
supplied  in  20  mL  bottles 

Each  mL  ot  PROVENTIL  Solution  lor  Inhalation  (0083%)  contains  0  83  mg 

01  albuterol  (as  1 0  mg  ot  albuterol  sullate)  m  an  isotonic  aqueous  solution 
containing  sodium  chloride  and  benzalkonium  chloride,  sultunc  acid  is  used  to 
adiusl  the  pH  between  3  and  5  PROVENTIL  Solution  lor  Inhalation  (0  083%) 
contains  no  sullilmg  agents  11  is  supplied  in  3  mL  bottles  lor  umi-dose 
dispensing 

PROVENTIL  Solution  lor  Inhalation  is  a  clear,  colorless  to  light  yellow 
solution 

CLINICAL  PHARMACOLOGY  The  prime  action  ot  beta-adrenergic  drugs  is 

to  stimulate  adenyl  cyclase,  the  enzyme  which  catalyzes  the  lormation  ot 
cyclic-3',5'-adenosine  monophosphate  (cyclic  AMP)  Irom  adenosine  Inphos- 
phate  (ATP)  The  cyclic  AMP  thus  lormed  mediates  the  cellular  responses  In 
vilfo  studies  and  in  vivo  pharmacologic  studies  have  demonstrated  that  albuterol 
has  a  prelerenlial  ellect  on  beta-j-adrenergic  receptors  compared  with  isoprotere- 
nol While  It  IS  recognized  that'  beta^-adrenergic  receptors  are  the  predominant 
receptors  in  bronchial  smooth  muscle,  recent  data  indicate  thai  10  to  50%  ol  the 
beta  receptors  in  the  human  hear!  may  be  beta?  receptors  The  precise  function 
ol  these  receplors,  however  is  not  yet  established  Albuterol  has  been  shown  in 
most  controlled  clinical  trials  to  have  more  eitect  on  the  respiratory  tract,  in  the 
torm  ol  bronchial  smooth  muscle  relaxation,  than  isoproterenol  at  comparable 
doses  while  producing  lewer  cardiovascular  etlects  Controlled  clinical  studies 
and  other  clinical  experience  have  shown  that  inhaled  albulerol,  like  other  beta- 
adrenergic  agonist  drugs,  can  produce  a  sigmticanl  cardiovascular  ellect  in 
some  patients,  as  measured  by  pulse  rate,  blood  pressure,  symptoms,  and/or 
EGG  changes 

Albuterol  is  longer  acting  than  isoproterenol  in  most  patients  by  any  roule  ot 
administration  because  it  is  not  a  substrate  lor  the  cellular  uptake  processes  lor 
catecholamines  nor  tor  catechol-0-methyl  iranslerase 

Studies  in  asthmatic  patients  have  shown  that  less  than  20%  ol  a  single 
albuterol  dose  was  absorbed  lollowmg  either  IPPB  or  nebulizer  administration, 
the  remaining  amount  was  recovered  Irom  the  nebulizer  and  apparatus  and 
expired  aif  Most  ot  the  absorbed  dose  was  recovered  m  the  urine  24  hours  alter 
drug  administration  Following  a  3  0  mg  dose  ol  nebulized  albulerol,  the  max- 
imum albuterol  plasma  level  at  0  5  hour  was  2  1  ng/mL  (range  1  4  to  3  2 
ng/mL)  There  was  a  sigmticanl  dose-related  response  in  FEV,  and  peak  How 
rate  (PFR)  It  has  been  demonstrated  that  lollowmg  oral  administration  ol  4  mg 
albulerol  Ihe  elimination  halt-lile  was  5  lo  6  hours 

Animal  studies  show  thai  albulerol  does  not  pass  the  blood-bram  barrier 
Recent  studies  m  laboratory  animals  (mmipigs,  rodents,  and  dogs)  recorded  the 
occurrence  ot  cardiac  arrhythmias  and  sudden  death  (with  histologic  evidence  ol 
myocardial  necrosis)  when  beta-agonists  and  melhylxanlhines  were  admin- 


istered concurrently  The  signilicance  ol  Ihese  lindings  when  applied  to  humans 
IS  currently  unknown 

In  controlled  clinical  trials,  mosi  patients  exhibited  an  onset  ol  improvement 
in  pulmonary  tunction  wilhm  5  mmules  as  determined  by  FEV,  FEV,  measure- 
ments also  showed  that  the  maximum  average  improvement  m  pulmonary 
tunclion  usually  occurred  at  approximately  1  hour  following  mhalalion  ol  2  5  mg 
ol  albuterol  by  compressor-nebulizer,  and  remained  close  to  peak  lor  2  hours 
Clinically  sigmlicant  improvement  in  pulmonary  lunction  (delmed  as  mainte- 
nance ot  a  15%  or  more  increase  m  FEV,  over  baseline  values)  continued  lor  3 
to  A  hours  in  most  patienis  and  in  some  patients  continued  up  to  6  hours 

In  repetitive  dose  studies,  conlmued  ellectiveness  was  demonstrated 
throughout  the  3-month  period  ol  treatment  m  some  patients 

INDICATIONS  AND  USAGE  PROVENTIL  Solution  tor  Inhalation  is  indicated 
lor  Ihe  reliet  ol  bronchospasm  in  patients  with  reversible  obstructive  airway 
disease  and  acute  attacks  ol  bronchospasm 

CONTRAINDICATIONS  PROVENTIL  Solution  lor  Inhalation  is  conlraindi- 
caled  in  patients  with  a  history  ol  hypersensitivity  lo  any  ol  its  components 

WARNINGS  As  with  other  inhaled  beta-adrenergic  agonists.  PROVENTIL 
Solution  lor  Inhalation  can  produce  paradoxical  bronchospasm.  which  can  be 
hie  threatening  II  il  occurs,  Ihe  preparation  should  be  discontinued  immediately 
and  alternative  therapy  instituted 

Fatalities  have  been  reported  in  association  with  excessive  use  ol  inhaled 
sympathomimetic  drugs  and  with  the  home  use  ol  sympathomimetic  nebulizers 
II  IS,  therefore,  essential  that  the  physician  mstrucl  the  patient  in  the  need  lor 
turttier  evaluation  it  his/her  asthma  becomes  worse  In  individual  patients,  any 
bela^-adrenergic  agonist,  including  albuterol  solution  lor  inhalation,  may  have  a 
clinically  signilicanl  cardiac  ellect 

Immediate  hypersensitivity  reactions  may  oaur  alter  administration  ol  al- 
buterol as  demonslraled  by  rare  cases  ol  urticaria,  angioedema,  rash,  bron- 
chospasm, and  oropharyngeal  edema. 

PRECAUTIONS  General:  Albulerol,  as  with  all  sympathomimetic  amines. 
should  be  used  with  caulion  in  patients  with  cardiovascular  disorders,  especially 
coronary  insulliciency,  cardiac  arrhythmias  and  hypertension,  in  patients  with 
convulsive  disorders,  hyperthyroidism  ot  diabetes  mellilus,  and  m  palienis  who 
are  unusually  responsive  lo  sympalhomimehc  amines 

Large  doses  ot  intravenous  albulerol  have  been  reported  to  aggravate  preex- 
isting diabetes  mellilus  and  ketoacidosis  Additionally,  beta-agonists,  including 
albuterol,  when  given  intravenously  may  cause  a  decrease  m  serum  potassium, 
possibly  through  intracellular  shunting  The  decrease  is  usually  transient,  not 
requiring  supplementation  The  relevance  ol  these  observations  to  the  use  ot 
PROVENTIL  Solution  lor  Inhalation  is  unknown 

Informallon  For  Patients:  The  action  ol  PROVENTIL  Solution  tor  Inhala- 
tion may  last  up  lo  6  hours  and  Iherelore  it  should  not  be  used  more  trequently 
than  recommended  Do  not  increase  the  dose  or  trequency  ot  medication  without 
medical  consultation  II  symptoms  get  worse,  medical  consultation  should  be 
sought  promptly  While  taking  PROVENTIL  Solution  lor  Inhalation,  other  anti- 
aslhma  medicines  should  not  be  used  unless  prescribed 

Drug  Interactions:  Other  sympathomimetic  aerosol  bronchodilalors  or  epi- 
nephrine should  not  be  used  concomitantly  wilh  albulerol 

Albuterol  should  be  administered  with  extreme  caulion  to  patients  being 
treated  with  monoamine  oxidase  inhibitors  or  tricyclic  antidepressants,  since  the 
action  ol  albulerol  on  Ihe  vascular  system  may  be  poleniialed 

Bela-receplor  blocking  agenis  and  albuterol  inhibit  Ihe  ellect  ot  each  other 
Carcinogenesis,  Mutagenesis,  and  Impairment  ot  Fertility:  At 
buterol  sullate,  like  other  agents  in  its  class,  caused  a  sigmticanl  dose-related 
increase  m  the  incidence  ol  benign  leiomyomas  ol  the  mesovarium  m  a  2-year 
study  in  the  lat,  at  oral  doses  corresponding  lo  10.  50,  and  250  limes  the 
maximum  human  nebulizer  dose  In  another  study,  this  ellect  was  blocked  by  the 
coadministration  ol  propranolol  The  relevance  ol  these  lindmgs  to  humans  is 
not  known  An  18-month  study  m  mice  and  a  lilelime  study  in  hamsters  revealed 
no  evidence  ol  tumongenicity  Studies  with  albuterol  revealed  no  evidence  ol 
mutagenesis  Reproduction  studies  in  rats  revealed  no  evidence  ol  impaired 
lertihly 

Teratogenic  Ettecls-Pregnancy  Category  C:  Albulerol  has  been  shown 
to  be  teratogenic  in  mice  when  given  subculaneously  m  doses  corresponding  to 
the  human  nebulizalion  dose  There  are  no  adequate  and  well-controlled  studies 
in  pregnant  women  Albuleiol  should  be  used  during  pregnancy  only  it  Ihe 
potential  benelil  lustilies  the  potential  risk  to  the  lelus  A  reproduction  study  m 
CD- 1  mice  with  albulerol  (0  025.  0  25.  and  2  5  mg/kg  subculaneously,  corre- 
sponding lo  0 1.  T  and  12  5  times  the  maximum  human  nebulizalion  dose, 
respectively)  showed  clett  palate  lormation  m  5  ol  111  (4  5%)  ot  letuses  at  0  25 
mg/kg  and  in  10  ol  108  (9  3%)  ol  letuses  at  2  5  mg/kg  None  were  observed  al 
0  025  mg/kg  Clell  palate  also  occurred  in  22  ol  72  (30  5%)  ol  letuses  treated 
with  2  5  mg/kg  isoproterenol  (positive  control)  A  reproduction  study  m  Stride 
Dutch  rabbils  revealed  cranioschisis  in  7  ol  19  (37%)  ol  leluses  al  50  mg/kg, 
corresponding  lo  250  times  the  maximum  human  nebulizalion  dose 

Labor  and  Delivery:  Oral  albulerol  has  been  shown  to  delay  preterm  labor 
in  some  reports  There  are  presently  no  well -control  led  studies  which  demon- 
strate that  it  will  stop  preterm  labor  or  prevent  labor  at  term  Therelore,  cautious 
use  ol  PROVENTIL  bolution  lor  Inhalation  is  required  in  pregnant  patients  when 
given  lor  teliel  ol  bronchospasm  so  as  to  avoid  mterlerence  with  uterine 
contiaclibility 

Nursing  Mothers:  it  is  not  known  whether  this  drug  is  excreted  m  human 
milk  Because  ol  the  potential  lor  lumorigenictty  shown  toe  albuterol  in  some 
animal  studies,  a  decision  should  be  made  whether  lo  discontinue  nursing  or  to 
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discontinue  Ihe  drug,  taking  into  account  Ihe  importance  ol  the  drug  to  Ihe 
mother 

Pediatric  Use:  Safety  and  ellectiveness  ol  albuterol  solution  lot  inhalation 
in  children  below  the  age  ol  12  years  have  not  been  established 
ADVERSE  REACTIONS    The  results  ol  clinical  trials  with  PROVENTIL  Solu- 
tion lor  Inhalation  m  135  patients  showed  the  following  side  etlects  which  were 
considered  probably  or  possibly  drug  related 

Central  Nervous  System  tremors  (20%).  dizziness  {7%).  nervousness  (4%). 
headache  (3%).  insomnia  (1%) 
Gastroinleslinat  nausea  (4%),  dyspepsia  (1%) 
Ear  Nose  and  Throat  pharyngitis  (<1%),  nasal  congestion  (1%) 
Cardiovascular  tachycardia  (1%),  hypertension  (1%) 
Respiratory  bronchospasm  (8%).  cough  (4%),  bmnchitis  (4%),  wheezing  (1%) 

No  clinically  lelevani  laboratory  abnormalities  related  to  PROVENTIL  Solu- 
tion lor  Inhalation  administration  were  determined  in  these  studies 

In  comparing  Ihe  adverse  reactions  reported  lor  patients  treated  with 
PROVENTIL  Solution  tor  Inhalation  with  those  ol  patients  treated  with  isoproter- 
enol during  clinical  trials  ol  3  months,  the  lollowmg  moderate  lo  severe  reac- 
tions, as  lodged  by  the  investigators,  were  reported  This  lable  does  not  include 
mild  reactions 

Percent  Incidence  ol  Moderate  To  Severe  Adverse  Reactions 


Albulerol 

Isoorolerenol 

Reaction 

N  =  6S 

N  =  65 

Central  Nervous  System 

Tremot:, 

10.7% 

13.8% 

Headache 

3,1% 

1.5% 

Insomnia 

3.1% 

1.5% 

Cardlovasculaf 

Hyperlension 

3.1% 

11% 

Affhylhmias 

0% 

30% 

"Palpilalion 

0% 

220% 

Respiratory 

"Bronchospasm 

15.4% 

18% 

Cough 

3.1% 

5% 

Bronchitis 

1.5% 

5% 

mme 

1.5% 

1.5% 

Sputum  Increase 

1.5% 

1.5% 

Dyspnea 

1.5% 

1.5% 

Gastrointestinal 

Nausea 

3.1% 

0 

Dyspepsia 

1.5% 

0 

Systemic 

lulalaise  1 5%  0 

"In  most  cases  ot  bronchospasm.  this  term  was  generally  used  lo  describe  exacerba- 

lions  in  ttie  underlying  pulmonary  disease 
"The  finding  ol  no  arrhythmias  and  no  palpitations  altef  albulerol  administration  m 

this  clinical  study  should  not  be  mlerpreled  as  indicating  ihal  these  adverse  etlects 

cannot  occur  allet  Ihe  admimslGlion  ol  inhaled  albuterol 

Rare  cases  ol  urticaria    angioedema,  rash,  bronchospasm,  and 
oropharyngeal  edema  have  been  reported  after  Ihe  use  of  inhaled  albuterol 
OVERDOSAGE    Manileslalions  of  overdosage  may  include  anginal  pain,  hy- 
pertension hypokalemia  and  exaggeration  of  the  phamiacological  etlects  listed 
m  ADVERSE  REACTIONS. 

The  oral  LDtq  in  rats  and  mice  was  greater  than  2,000  mg/kg  The  mhala- 
tional  LDl^  could  not  be  determined 

There  is  msullicienf  evidence  lo  determine  if  dialysis  is  beneficial  lor  over- 
dosage ol  PROVENTIL  Solution  lor  Inhalation 

DOSAGE  AND  ADMINISTRATION  The  usual  dosage  lor  adults  and  chil- 
dren 12  years  and  older  is  2  5  mg  ol  albuterol  administered  3  to  4  times  daily  by 
nebulizalion  More  IrequenI  administration  or  higher  doses  is  not  recommended 
To  administer  2  5  mg  ol  albulerol,  either  dilute  0  5  mL  ol  the  0  5%  solution  lor 
inhalation  lo  a  total  volume  ol  3  mL  with  normal  saline  solution,  or  administer 
the  contents  ol  one  unil-dose  bottle  (3  mL  ol  0083%  nebulizer  solution)  by 
nebulizalion  The  tlow  rale  is  regulated  to  suit  the  particular  nebulizer  so  Ihal  the 
PROVENTIL  Solution  for  Inhalation  will  be  delivered  over  approximately  5  lo  15 
minutes 

The  use  ol  PROVENTIL  Solution  lor  Inhalation  can  be  continued  as  medically 
indicated  lo  control  recurring  bouts  ol  bronchospasm  During  treatment,  most 
patients  gam  optimum  benefit  Irom  tegular  use  of  the  nebulizer  solution 

If  a  previously  elfective  dosage  regimen  fails  to  provide  the  usual  relief, 
medical  advice  should  be  sought  immediately,  as  this  is  often  a  sign  ol  seriously 
worsening  asthma  which  would  reguire  reassessment  ot  therapy 
HOW  SUPPLIED  PROVENTIL  Solution  for  Inhalation.  0  5%,  is  a  clear,  color- 
less lo  lighl  yellow  solution,  and  is  supplied  m  bottles  ot  20  mL 
(N DC -0085 -0208-02)  with  accompanying  calibrated  dropper,  boxes  ol  one 
Store  between  2"  and  25^  (36°  and  77°F). 

PROVENTIL  Solution  for  Inhalation,  0  083%  is  a  clear,  colorless  to  light 
yellow  solution  and  is  supplied  m  umi-dose  bottles  ol  3  mL  each,  boxes  of  25 
(NDC-0085-0209-01 }  Store  between  2"  and  25t  (36"  and  TT'F). 
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ALBUTEROL  SULFATE  UNIT  DOSE 


IT'S  THE  EASY  SOLUTION 


Proventil 

(albuterol  sulfate) 

Solution  for  Inhalation 


Unit  Dose  0.0837o* 
0.57o*  20  mL  bottle 

'Potency  expressed  as  albuterol 


Please  see  full  prescribing 
information  on  adjacent  page. 
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